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PREFACE 

The V993.8 introduced i n  this manual i s  a Very Large- Scal e Integrated 
Circui  t (VL SI)  that w as developed as a Video Displ ay Proce sso r (VDP) 
for the MSX2. The MSX pe r sonal compute r standa r d  was  intr oduced i n  
1.983 by

' ASCII Co rpor ation and Microsoft Incorpo rated . At pre sent , "  the
" 

MSX is manufactur ed and marketed worldw ide . In 1985,' o ut of th e 
des i re to st r ength en some of th e funct ions. of the original MSX, th e 
MSX2 standard was developed . In addition to be ing software-compatible 
with the MSX, the MS X2 suppo r t s new medi a and has  video pr oces sing 
capabil ities that ar e not avail abl e on conventional' 8-b i  t per so nal 
computer s .  

To make the MSX2 a r eality , two requirements for the Vi de o  Processor 
. were upward compatibl ity with the exi pti ng TMS9918A (the VDP for the 
. MSX) software whi'le\ increasing the number of function s .  The V9938 was 

developed through the joint effor ts of ASCII. Corpo.ratiQn , Microsoft' 
Incorporated , and YAMAHA. 
The f o llowing functions a r e  suppo r ted on  th e V9938. 

- Full bit-mapped mode 
- 80","column text displ ay 
- Access us ing X- and Y-coo r dina tes. Th e loa d of· tl:1e 1/0 

driver has been lightened . The X-Y coo rdinates a r e  
independent of the scr een mode. 

- Fun.damental commands implemented by har dw ar e to' dec r ea se· th e 
pr oce s sing time of th e 1/0 drivE:r : AREA MOVE� I;.INE, SEARCE!, 
RASTER OPERATION, etc . 

- Digitiz e and e xt e r nal synch r oniz ati on - Color palette (9 bits x 16 patte r ns) 
- Line a r  RGB video output 
- More sprites J?er hor iz ona tal l ine 

Because the V9938 has the above functions ,  it prov ide s  f or supe r i or 
video capabiliti es th at make it possible f or its use in a variety of 
applications, . inGluding the MSX2. CAPTAIN te rminals and' NAPLPS 
term i na�s using. t h e  V9938 have al r ea dy. been developed. We hope th at 
the V9938 will be a st a ndard v ideo pr oce s s i ng dev ice on a worl€iwi:de 
basi s .  . � 

This mallual was .written so a s  to explain 'how to set the par amete r s  of  
the V9938 and i s  a r efer ence f o r  developing applicat ions and  systems 
so ftwar e for i t .  

We are pleased that y o u  have chosen t o  develop software for th e V9938 
and that you.have.referred to  this manual for assist.ance. 
Pi!'1ally , we wo uld 1 ike to express our dee p  grati tude to th e peopl e ,:!t
NTT as well as the other r elated manufacturer ri for th eir valuable 
opinions which contributed to the develor::ment of the V9938. 
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BAS IC INPUT AND OUTPUT 

1. Acce s s i ng th e Control Regi st e r s  

Th er e ar e tw o way s  to set data in the'MSX�VIDEO co nt r ol regi ste r s  ( R#O 
to R#46 ) , whi ch w e  will descri be below. 

1.1 D i r e ct a cce s s  

O ut put the da ta a nd the regist e r  numbe r in seque nce to po r t  #1. S i nce 
th is o r de r  is alway s used ; be ca r ef ul when you acce s s  the MSX-VIDEO 
f o r  an i nt e r r upt r o ut i ne .  

- 'MSB >:'}- 6 5 ,  4 3 1 ·0, LSB 

Po r t  il F irst byte 

S econd byte 

1�71D6' ID51:D�ID3ID2liH,I:D'Oil DATA 

.�" .' 
I 1 I 0 IRS lR41RJ I� IlU-1 RO I REGISTER i 

1.:2 In direct a ccess 

S pe cif y th e r egister number' 1n control--reg'1.ster RU7 ( Cont r ol Re g i st e r  
Po i nte r )  . 

Fi r st se t th e r egi st er num be r in R#17 ( using direct addressing )  by 
sendin g da ta to Port B. When you se t the data i n  RU7, you ca n al so 
set its MSB (All, the au't6inctemeht bit ) to centrol autoincr ementing ; 
The data in Ri17 cannot be cna ngedby 'irteli r ect'acfidres sing . 

. 

If aut o i nc r em enti ng is p r oh i bited, th e cont ent s of RU7 w il l be 
unchanged , and thus y o u  do !'lot have tt> rese t RU 7. 

MSB 

Regi st e r  #17 

Port #3 Fi r st byte 

Po r t  #3 Se con d byte 

I 
Po r t  #3 nth byte 

1: 
0: Auto i ncr ement on 

2. Acce s sing the Pal l ete Reg iste r s  

; REGISTER # 

To se t da ta in the MS X-VIDEOpalette regis·t-ers (piHl to P#15/9 bit) , 
, y ou mus t f i r st se t th e palette r egi st e r  numbe r i n  r e g i st e r  RU6 ( Co l o r 

pal ette a dd r e s s  poi nt e r ) a nd s ubsequently output Ure two bytes of data 
<in o r de r> th r ough po r t  #2. : 

1 

--- -----------------�--�----------
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MSB 7 6 5 4 

Register #16 0 I 0 I 0 I 0 

Po r t  #2 First byte 0 1R2 IRl I RO 
I I I 
Red data 

Po r t #2 Second byte I 0 0 0 

3. Accessi ng the Status Registers 

0 

3 2 1 0 LSB 

IC3 IC2 leI Ico I Pal1ete # 
I 0 IB2 lEI IBO I DATA 

I , . •• 
Blu,e data 

0 I G2 IGl I GO I DATA 
I I I 
Green data 

'ro read the status regis: ters of theMSX-VIDEO tsto to S#9 ), you must 
first set the register number' in R-#15 (Status regis ter po inter ) apd 
r ea d  t h e  data through Port 41=1. 

MSB 7 ·  6 5 
Reg i ste r #15 I 0 I 0 I 0 

Po r t #1 Rea d data ID7 I D6 1 05 

4 .  Accessing the Video R1\M 

4 

I 0 [04 
3 2 1 .0 r..SB 

IS3 "",S2 lSI Iso I S tatus reg i ster # 

ID3 [02 101 I�o 1 DATA 

A Video gAM of128K bytes plus an eJl:pans.i c>p. RAM ot 64K by tes can be 
connected to the MSX-'VIDEO. 'l;'he IIlemory maps for these cases are shown 
in the map below. 

J 
Address counter .,1FFFFH 

OFFFFH 
ooonOH . 

E xpansion RAH Video RAM (For d:i splay) . (.For data riO registers ) 

Accessing memory 

TO a c ces s memory, follow the procedure below. 
L Sw Atch ba�ks (VRAM to Expansion RAM) 
2 .  Set the a ddr e s s  co unte r (A16 to A14) 
3. Set the a ddr e s s  counte r ( A7 to AO) 
4 .  Set th e a dd r es s  co unter (A13 to AS) , and s pe cify read or write 
5 .  Read or w rite the da ta 

2 
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1. Sw itchi ng banks (VRAM to Expansion RAH) 
Since the contents of R#45 (Argument register) do not chang,e each time 
that memory is accessed, it is not necessary to respeci'fy bi t 6 o f ' 

register RI45 ( whi ch specifies banking) ev�ry time that you are to do 
banking. 

MSB 7 6 5 4 

Re gi ster #45 

3 2 

Expansion 
Video RAM 

1 o LSB 

2. Setting the a ddress ' counter (A16""'Al4) 
Set the high-order three bi ts (A16 to Al4) of the address co unte r 

using regi st er RI14 (VRAM Access base address regist.er). 

MSB 7 6 5 

Register 114 o o o 

3 . Setting the a ddress counter .' 

Set the 10w�order eight bits (A7 

4 3 2 1 o LSB 
o ,'I. 0 I Al6lAlsi Al4 1 , VRAM Acce s s . ba se 

. '" ' ' addr�H;!s regl ster 

(A7 ,to AO) 

to AO) of the address co unt e r by 
output ting data to Port #I. 

MSB '7 6 5 4 3 2 1 0, LSB 
Port II 

4. Setting the addre ss counter (A13 to A8) and spe cify ing read or wri te 

Set the remaining s ix bi ts (A13 to A8) of the address counter and 
specify read or write by outputting data to Ibor·t 11. 

5 .  

MSB ' 7 

Port II X 
I 
0 
0 

Re a di flg or wri ting 
, , 

6 

X 
I 
0: 
1: 

da ta 

5 4 3 2 1 O LSB 

IA13\A12IAIIIAIOIA9 lAS I, Second by te 

Read 
Write 

Since the addres s counter is automatically incremented w hen da ta is 
read from or written to Port #0, you may continually a cce ss blocks of 
data. 

* 

* 

To access the V RAN ,  you can also use' commahds. 

be expl ained in a later cbapter. 
Refer to the data sheet for acCess timings . 

3 

These commands will 
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REGIS TER FUNCTIONS 

10 CONTROL REGISTERS iO to. i23 (W ri te enly) 

1. 1 

i32 to. i46 (W rite enly) 

Me de Registers 

MSB 7 6 5 4 3 2 1 0 . LSB 

RiO I 0 DG IIE'2 lEl1M5 M4 M3 0 Mede Register 0 

RU I 0 BL I lEO Ml 1 M2 0 SI I MAG Mede Register 1 

Ri8 IMS LP ITP CB I VR  0 SPDIBW Mede Re gister 2 

Ri9 ILN 0 l SI SO I lL EO *NTloc Mede Registe r 3 
* Ind icates negative 1e91C. 

RiO 

Ril 

DG : 
IE2: 
lEI: 
M5 
M4 
M3 

BL 

lEO : 

Ml : 
M2 
SI 
MA 

Set. the ccl.e.r bus to. inplJt mcde, and inputs data into. 
th �VRA�l. , . 
Enables interrupt frcm Lightpel'lby Inter rupt Enable 2. 
Enables in te r rupt f rcm Hcrizcntal scannin g line by 
In ter rupt Enable 1. 
Used to. change the d isplay mcde. 
Used to. change the display mcde.
Used to. change the display mcde. 

When 1, screen display enabled. When '. 0 ,  ,sc r een disabled. 
, Enabl es inter rupt f r,om Hor iz c ntal scanni ng 1 ine by 

Interrupt Enable 0 • 

Used to. change the displ-ay mcdE? 
Used to. chan�e the display mode. 
When 1, spri te siz e is 16 x 16. When 0 ,  8 x 8. 
Sp rite e xpans ic n; when 1: expanded. When 0 , ncrm al. 

" 

Ri 8 MS • .  When 1, sets the celer bus to. i np ut mede and enables 

Ri9 

LP 
TP 'CB • 

VR 

SPD: 
BW : 
LN 

Sl 
S O  

meus�. 
When 0 ,  , /ilets th.e cele r b us to' e utput mede and disables 
mcuse. 
When 1, enables l ight pen. , When 0, d i sables light pen. 
Sets the c;elc r cf cede 0 to. the cclc r cf the palette. 
When 1, sets the celor bus to. input mcde. 
When 01 sets the coler bus to. ,e,lJtp ut mede. 
Selects the type cf Vi deo. EAM. 
1 = 64K x 1 b i t  cr 64K ,x 4 b its. 
o = 16K x 1 b i t  cr 16K x 4 bits. 
When 1, disables display ef spr ite. When 0, uisplays 
sprite. 
When 1, sets black and whi te in 32 tenes. 
When 0, sets cclcr (ava ilable cnly with a cClJlposi te 
enccder)· • 

When 1, sets the hcr izental dc t ccunt to. 212. 
When 0 ,  sets the hcrizontal dct ccunt to. 192. 
Selects simultanec us mcde. 
Selects simultanecu s mode. 

4 

--_._----------_._--
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IL 
EO ' : . 

*NT 

When 1, i nterlace (Complete NTSC tim ing) 
When 0, non-i�t�tlClceTlncompl �te NTSC timing)' 
When 1, di�playstwo graphic screens interchflngably by 
Even field/Odd field. 

. 

When 0 ,  displays .the sam� graphic
, 

screen by Even 
f iei d/Odd .f leI o. " . . 
When'i , PAt.  ('313 lines); when O�NTsC (262 lines). 
(for R.GB output Only) . , ,' . ' '. 

When' 1, $ets' *DLctK to input mode'; when 0, sets *DLCLK 
to output m6de�' ' ' .  . .. 

1.2 Table a.ase A,ddr,�s� Regi�tets ' 

The table base address regist ersare a set of registers to' declare the 
addresses of tables �n the VAA,N to be used by MSX-VIDEO • . : ...... ::;. . . ' , .' .. �'., , .l! :<. ': ' ' " '.', . .' Notethiiitwhen- these re�i;,ters'.·t� acce's!;-e:d:, 'the . c(,;)lntJc01 COGes ' that 
the sci-e'en 'in�y :re.&eiv'Ei aepentts '611t'he'dis'play mode.: . 'tor this purpose, 
you must mask the unwanted bits. ' .  .:. r:,· .. ' , 

MSB 

Ri 2 

" 
Ri3 

7 6 " '] 4'; 3 ;·� '1 0 :'LSB 
o IA161 Al�l��ilA�3,r��2!I'AllJ A."lol Fa ttern name table base 

- - - - - - - - address register " 
, . ".,. � -"1'" . . . -

i 

IAi3;
IAii2liUlfMo'l�::1�l�! 

t��.J 
CoJo�'\table pas�: addr·esS . · �e9i�terlOW 

RilO' -J .. 0, '. 1.0.',', ,1.','0, .. '"t,' ',�., 

.,':.".1 

'.'0 .
.
... cl�·

M.J
,

: �Jj\�,: 
.. sl·�.:' 

4.' .··.1 CbJor ta:�Ye pa-se� address' . ; re-9iste,;'high:,., .' 
. 

�i4 

R#S 

Rill 

Ri6 

I 0 1 0 .,I � 6 ] �t 5 ]Al41� 3 tAl 2 t �}J 
I�-�"I AI31 �21�� l'A!1l]A9IAS'·:fA7·1 

1·0 0 1 0 r� 1 0 '1,'0 IAl�(Al:sl 

o ° IAl61AlSIAl41Al31Al21Alli 

Pattern generator table 
oose addr'ess reg� ster 

c' 

sp'rrte attrlbutetab1:e 
base address register low 
, , • I ' . '  ',_" ' 

Sprite attribute ''table' 
base address register high 

Spr i t;:e patter'n ge'rierator 
table base address register 

1.3 Color Registers 

The color registers are 'used to control the MSX-VIDEO' s text and 
backgrol}nd screen col�rs�s we1.1. as ibiinking, -etc. 

MSB 7 6 5 4 J  2 1 '0 LsB 

R#7 Iorc31Te2I'TCIITCO 181>3113:0'2 1 B:D1IBDO I 'f!'e'xt color/Back drop 
color register 

TC3 to Teo:' :Specif ies the text color according td TEXT 1 
and TEXT 2 modes. 

BD3 to BDO: iSpecif ies the back drop color in all di.splay 
. modes. 

5 
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MSB 7 6 5 4 3 2 1 O· LSB 

Ril2 IT23\T22\T21IT20IBC3\BC2\BCI\Bcol Text col or/Ba c k color 
r egist e r 

In TEXT 2 m od e ,  if th e att ribut e s  f or blihking ar e s et ,  the col or se t 
in this register and se t ill Ri7 ar e displ.ayed al ternately • 

T23 t o  '1'2 0 :  . S pecifi e s  the color of part: 1 of the pa t t e rn. 
BC3 to BCO: Specifies the col.or of part 0 of th e pa t te r n . 

MSB 7 6 5 4 3 2 1 0 LSB 
Ril3 I ON3 1 ON2 1 aNI I ONO I OF3 1 OF21 oPI'loro I Blinking period register. 

In t h e  bi t map mode s of GRAPH4 to GRAPH7, the twb page s a re 
alternately displayed (1;)1 inked).� . pJ.:.a,ce. data .in. thi� r�gj,ster tp set 
the display page.t:o an odd .pag e to begin b1.inkin:g� +his '-r.egis.t�f. is 
also used in th e TEXT2 mode. 

ON3 to 
OF3 t. o 

MSB 7 6 
Ri20 I 0 I O· I 
Ri21 I 0 I 0 I 

Ri22 I 0 I 0 
'1 

ONO: 
O FO: 

5 � 
0 I 0 
1 I 1 
0 I 0 

Dis play time for even pag,e 
Display time for odd }?&ge 

." I 

3 2 
:0 .0 
l' 0 

0 1 

1 .0 " L� '. � 

�olo� burst reg!'ste r 1 
Co;Lor b,lJ rst ��g i st e r  2 
Colo.I' bur st r.egi

1
st e r  3 

The abov e  va+.u e s. are preset when tl:J..e powle.r is applied.. . If all val ue s  
in the a bov e th r e e  r e gist e r s  are set. to 0 , the. color burst signal of 
th e composite vid eo output will be erased. 
If th e a bo v e  val ue s a r e  su bseq uently reset to th e pr es et v al ue s ,  the 
no rmal c olor b urst si911al will be outp ut. 

1. 4,. pi splay Regist e r s  

T h e  di spl ay re g i st e r s  ar e used to control th e d i spl ay position on the 
CRT. 

MSB 7 6 4 3 2 1 o LSB 

Rua 1V3 1V2 IVIlvo IH31H21HI IHo'l Display adjust regi ste r  

Th e abov.e registet: ,is uEled to adj tist the di splay positi<m on th e CRT. 
H = 7 . . . H = 1, H = 0, H = 15 . . H = 8 
(L eft) <Center) (Righ t) 

V = 8 . . V 15, V = 0, V 1 . V = 7 
(Bottom) (Center ) (TOp) 

6 
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MSB 7 6 5 4 3 2 1 0 LSB 

Rt23 ID07I'D06100s-IDo4ID03fDo4IpoIIDoof Display offset: register 
The above r�gister setst.\1e location -of the line to begip display. 

VRAM (Line ) 

TOP ...-------. '0 
�: _.. -

CRT,Screen 

255 

o , ) � ", 

CRT Screen 

BOTTOM 136 or 156 RI23 = 20.0, " 1  ' 

200' 
CRT Screen 

255 , . . . . ' 

MSB " 7 ' 6  ' 5 4 3 " 2 1 0 - ' LSB 
,Rt191IL1'I ft61±L5IIL41tr.ii�:L�IIn.lJ ItOl,;In�er��J?:�line resister 

" ., �.. . �. . '  , . ' :. i', _ ' �. : . . ... � . . ',' . '  � ;; . 
. 

\ " .' 'f. ;.. .-You may speC'lfy 1fiterrupts when ,the " .MSX�VI.DEO be9ins t,o, Q!-splay a 
specified �cannin9, li�e.. To ','�,*able th� irifeFrupt, use:, the above 
register '00 set the' scanning l:ine .. l 

1.5' ACCESS 'REGISTERS" 
The access registers are a: set'ofregisters 
MSX-VIDEO ,register.� or th� v RAM: ', •• " ," -' -7 : " 

.:' 
: 

' 
\- '." 

used when 
; , 

, MSB 7 6 5 4 3 - 2' 1 o : LSB 

acce.s�,� ng the 

Rt14 o o o 1 0 1 0 I�6Ji151 �-41 VID.\�_ At cces
" 

s ba�� address 
" , " , ' " ,I'�g1,� er" • 

\ - . �' � -

Whep acc�ssing the MSX-VIO;EO and the videol aMi :c11RAM)', set' ,thb h.1gh
order ' three ; bits of 'th� aa:a't'�ss . it! _theVR.M1f accessb�s�} add're'Ss 
r�gis��r. ( ' ''::- ' , ,, ' 

When data is set in this regis-tet, ; and;- tIrel VRMiisac;essed, if there 
, 1-s ' a  carry from Al3, " th'e . <lata": ih ' the r�giste·r . .!i-s ... iat.Om�tlcally 

incremented., In GRAPHICl, GRAPHIC2, MULTlCOLOR, and TEXTI modes, the 
data in the register is not ilutQm�t.ica:lli j.ncremented.· 

' " 
. -' . ' . . . . '  " 

RIl5 10 to 1.'0,1, 0 rs� l�;':�Js,ll�'�.l'Stat��-:-regis;ter pointeJ: 

When reading the MSX-�ID�O status regist..ers (Sio. , t,o ; S,19), set. the 

contents of the sta:tus\registerpoiriter�' " 

----------- ------------

7 
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MSB 7 6 5 , 4  3 2 1 o LSB 

R#16 o o I" 0 o IC3 IC2 IC1·ICO'1 Col?r palett�, add ress 
, reg1ster. 

When setting the color palette of the MSX-V1DEO, se t the numbe r of the 
palette in the Color palette add ress registe r. 

MSB 7 6 5 4 3 2 1 o LSB ' 
Ril7 IAIII 0 IRSSIRS4IRS3IRS2IRSIIRS�1 Control registe r pointe r 

In the MSX-VIDEO, the above cQnt rol register po"inter may be use d t o  
ac ce ss another register. In add i tion, acco r ding to the setting of the 
All bit, the data can be automati cally in:c remented. 

All = 1: Aut o  increment di sabled 
A ll = 0: Auto increment enabled 

1.6 COMMAND REGISTERS 

. The follow ing command registe r s  a r e  used when e xe cut ing a command on 
the MSX-VID EO. De tails on the use o£ these command registe rs will be 
pre se nted i n  a later chapte r. 

MSB 7 6 '  5 4 3 2 1 0 LSB ' 

Ri32 \SX7\SX6ISX5 sX4IsX3ISX2ISX1\Sxol Sou r ce X l ow registe r 

Ri33 1 a 1·0 I I 0 ,01' 01 a J 0 j SX8il',source 'x higbr\�9ister 

R#34 ISY7\ SY61 SYS SY419�31 SY2! SYITsyo'1 source; Y low, reS,i.ste r 

Ri35 I" a I' O· I fO 'I"iil 0 l 0�1 SY9 rSY�I; Sou rce Y hlgh regIste r 

Ri36 

Ri37 

IDX

71DX61DXsl

DX4 

10'1010.10 

DX3 

o 

DX21DXIIDxoi 

o 1 0 JDxsl 

De st ina tion Xr 1.� regi ster 
Dest ina tion X high registe r 

Ri3S 

Ri39 

I�Y;'I DY6IDY5IDY4 DY3 DY 21DYII Dyol 'Destihat ion Y low 'r egister 

1�:0::�\: 0::� 1 :0::: 1 : 0:::::o:::,.: 0:,:J:D:Y:9:J:D:�::�] 
Des� ination Y high registe r 

R#40 INX71 NX61 Nxsl NX4:INX31 NX21NXl rNxo:'1 
L 0..\ ' 01 .. 0'1.010 I' 0: TO' lN��1 
INY7INY6INYSINY4I

NY3INY2INYl!NYOI 

Number of dots X low 

Ri41 " '\ 
Number '0£ . . , . dots X ,high 

Ri42 

Ri43 I oJ,o" 0 I 0 l 0" \,0' rNY91 Nxsi 
Numbe r 

Number . j 

of dots Y 

of dots Y 

R#44 lOBI CH21 CHI I CHol CL31CL2 .ICLIlcLO I C()lor regi.ster 

R#45 t (i)IMXC'1 MID I Mxsl Dlyl nlxl Eol MAJI A rgument regis,ter 

R#46 ICM31cM21CMIICMOIL031L021LOIILOoI C omm. and reg iste r 

8 

low 

high 

register 

registe r  

register 

reg ist� r 
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2 .  STATU S REG ISTERS #0 to #9 (R ead only) 

Th e f ol l ow i ng sta tus r e g i st e r s  ar e r ea d-only reg i st e r s, f or r e po r t i ng 
th e  sta t us w he n  th e MS X-VIDEO is read. 

MSB 7 6 5 4 3 2 1 0 LSB 

S#O F Is,S I C I�if+h s�rit� n;m;berl Status register 0 
F :  vertical sca nn i ng inte r r upt fl ag 

When S #O i s  r ead ,  thi s  flag is r eset . 

5 S: Fl ag f or the f i f th sprite 
Five spr i t e s  a r e  al i gned on the f i r st hor i z ontal l i ne ( In 
the G3 to G7 mo?e s ,  9 spr i te s  are allowed) 

C: Co l l i s i on f l ag 
Tw o, spr i te s  hav e  coll ide d .  

Fif th sprite numb e r : 
The nUmber of the f i fth (or ninth) ,sprl,te. 

MSB 7 6 5 4 3 2  1 LSB 

FL: Lightpen flag (Lightpen flagse.tr 
I f  th e l igh tpen i s  to detect'11ght ,  this bit as w ell as th e 
IE2 bit must 'be both se't in;dr der f'or an inte'rJrupt to be 
enabled. When S#l is read; Ft.'is' re se't . 

Mo u s e  swit ch 2 ( Mouse 'flag" set)'i 
The', second switch onr'the mQus:e was ·press ed. :  
In th i s  ca s e , whe n  SU rs r ea<;1 , FI. is no t r e se t .  

LPS : Li9ht�n switch (Lightpen flag set ) 
The 1 igh tpen sw i t ch, was "l?r�s'Se(k' 
In tais'case,'whenstl is'r�aCl, tips is ,not lreset., 
Mouse sw itch 1 (Mo�seflag ,set)l 
The fi r st switch orl Ehem6�se was p r e ssed . 
In this cas� , when\SU is reae , LPS'i s not rese t .  

Ident i f i cati o n  numbe r :  
Th e iden t i f i cati on numbe r ( I D #)  of th e MSX-VIDEO . 

FH: Horizontal s canni ng i nte r r upt f l ag 

S#2 

Hor i z ontal scanni ng int e r r upt ( whi ch is  spe cif i ed i n  R#19) 
fl a g .  If lEI i s  set , an i nter r upt is e na bl e d .  When Sfl 
i s  r ead, FH i s  r ese t .  

MSB 7 6 5 4 3 2 1 o LSB 

I �T_R __ 

�
IV_R __ 

L
I H_R __ 

�
I B __ D

�
I __ I� __ I�I_E_O�I_C_E�I S ta t us r e g i st e r  2 

T R :  T r an sfer r e a dy fl ag 
When th e CPU se nds commands to th e VRAM and o the r dev i ce s ,  
th e CPU ch e c k s  th i s  f l ag w hi l e tr a nsfe r r ing da ta . When th i s  
fl ag i s  se t to 1, transfe r may be do ne . 

9 
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VR: Ver t i cal scanning l ine t iming flag 
Du ring ver ti cal scanning, th i s  flag is se t to 1. 

HR: Hor izontal scanning line timing flag 
Dur ing horizontal scanning, this flag i s  se t to 1. 

BD: Boun dary color detect flag 
When the search command is eocecuted, this flag dete cts 
whetl)er the boundary- ce>lor was detected or not. 

EO: Display field flag 
When 0 ,  indicates the f i r st field. 
When 1 , indicates the second field. 

CE: Command execution flag 
Indicates that a command is being execu ted. 

MSB 7 6 5 4 3 2 .. 1 0 LSB 
S#3 X7 I X6 IX5·lx4 .IX3 I X2 I Xl Ixol' CqRumn re9iste� low 

S#4 1 I 1 I 1 I 111 Ie 1 11 \X8 I Column register high 

S#5 Y7,AY6 IY51x-4/;nli2TYl]iol Row register loW' 
S#6 1 ,. 1 I 1 I 1 I i-I I'., �Q:l;g,IROW register high 

) . � .  

The above, regis.ter-sare set t,o ,.indi-ca.te the collision locat ion of 
sprite s, the locat ion o:fllghttpen QeteGtion, and the I;:elatJve movement 
o f  the mou se. 

S#7 IC7 IC6 IC5 I c4Ic3,lcilc).lco I COlor';n:\gist,�t' 
i . - . 

The above color regi ste r  is used when the POINT and VRAH to CPU 
commands ar e executed. The VRMI datals set in .tbis re.gister. 

S# 8 

S#9 -
I BX7/SX61 �X5:

1 BX41 BX3 r-�2\.�Xll Bxgl Border ·X re.gister low 
"1 I 1 I 1 I 1 I 1 Ii .. 1·1 ,1'1�X8,1 .Bo rder X register high , , 

When the search command. is 'exec\J.�ed ilnd the bord�r color, ha s been 
detected, the X coo r dinate is se t in the above regi ste r s. 

10 
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TEXT 1 MODE 

Char acteristics 

- Patt.ern size 
Patterns 

- Screen pattern ceunt 

: 6 dets (�) x a dots (h) 
256 types 
40 (w) x 24 (h) patterns 

- Pattern celers 
VRAM area per screen 

: Two. colers eut ef 512 celors (per screen) 
4K bytes 

Centrels 

- Pattern font 
Screen pattern lecatien 

- Pattern celor cede 1 
- Pattern celer ce de 0 
- Backgreund coler. code 

Initial Settings 

VRAM pattern generator table 
VRAN pattern name table 

. 

: High-erder feur bits ef Ri7 
Low�erder four bits ef Ri7 
Lew-o.rder feur bits ef R#7 

l. Mede and Register Settings, , . 

lvlSB 7 6 5 4 3 2 1 0 LSB �. �"":. .' . .  " 
, .. 

RiO 0 DG IE2 1 IEl i 0*1 0* 1 0* 1 0 I Mede rec:]isee r 

Ril 0 BL lEO I 1* 1 0* 1 0 lSI 1 MAG I Mode regist:eh- · 
: ':, )�. ," . 

Ria f.1S LP TP I� I .YR"J, 0 ·1 �J?Dl�wJ Mode re�i'ster 

I SO IlL lEO �*NTIDC I I 
re�1.'s�e.r, Ri9 LN 0 Sl Mode 

* Examples of settings in TEXT 1 mede ** Indi cates negative legic 
All ether bits are set accersingly 

11-

� -�--- ------------ ------------- ----

0 

1 
2 
3' 
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2. Pattern Generato r Tabl e Setti ngs 

- The pattern generator table is an area that stores the pattern f ont s .  

- Each pattern has a number from PNO to PN255. 
- The font for each pattern is constructed from 8 bytes, and the lower 

two. bits of each of the eight bytes is not displayed. 
- . Set the beginning (head) address of the pattern generator table . in 

register R#4. 

MSB 7 6 5' 4 3 2 1 0 LSB 

R#4 0 o IAl6IAi5IAl4IAl3IAl;IAlll Pattern ge nerator table 
base address regist er 

Pattern generator table 

( X=I , 0= 0 )  

II 
MSB 76543210 LSB 

o OOXOOOOO 
1 OXOXOOOO 
2 XOOOXOOO 
3 XOOOXOOO 
4 XXXXXOOO 
5 XOOOXOOO 
6 XOOOXOOO· 
7 00000000 ---' 
8 xxx�Ppqo ' -�-t .  

9 XOOOXOOO 
10 XOOO,�.QQQ 
11 XXXXOOOO 
12 XOOO�QOQ 
13 XOOOXOOO' 

14 XXXXOOOO 
15 00000000 

2040 XOXOXOOO 
2041 OXOXOXOO 
2042 XOXOXOOO 
2043 OXOXOXOO 
2044 XOXOXOOO 
2045 OXOXOXOO 
2046 xoxoxooo 
2047 OXOXOXOO 

These bits are not displayed. 

Pattern number 0 

P-a,ttern number 1 

Pattern number 255 

12 
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3 .  Pattern name table settings 

- The pattern name table is composed of one byte for each screen 
pattern. Each byte specifies a unique pattern. 

- Set the beginning ( head ) addtess of ' the p�ttern name ta ble in 
register Ri2. 

'MSB 7 
Rt2 

Pattern name table 

( 0, 
" -- ' ...... --
( ·1, 
(2, 

(39, l. 

( 0, 

O �  

In 
0) 

0) 
1 )  

· 
· 
· 
· 
· .'---
· 

· 
· 

i. , . . . 

Base 
0 
1 
2 

',e 

39 
40 

. . I (3'9,23; [959 

--- ----_ ...

. _ .. -

5 4 3 

address 

2 

2'2 S8'0 , 
23 920 

O ·  LSB 

881 
921 

Pattern name table 
base address register 

. 39 X 
., 13. ·  .

.
. 3 9  

·8 
�. ' :1 :�:I 

Screen ;display· correslpondenc�
. 

13 
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4 .  Co l or r e g i st e r  se t t i n g s  

f.1SB 7 6 5 4 

R# 7  

3 2 1 a L SB  
T e xt co l o r / Back d r op c9 1 0 r  
r e g i st e r  

Spe c if i e s  ,pa t te r n  co l o r 
G o de O o r ba ck . d r o p  co l er 
Spe c�t ies pa t t;e rn co l or 
co de 1 

Exampl e of VRAN al l o ca tio n i n  TE XT 1 mode 

O O O O O H  
Pat t e r n  
N am e  
T abl e 0 .. 

0 0 3 C O H  

0 0 80 0 H  .. 

P·a t t e r n  
G ene r a t o r .  
Tabl e 0 

. 

0 1 0 0 0 H  

Pa t t e r n  
Nam e i � Tabl e 1 

013C O H  

01 8 0 0 H  

Pa tt e r n 
G e ne r a t o r  
T abl e 1 

0 2 0 0 0 H  

1 F F F FH 

f.1SB 7 

R # 2  I o�-']I 

f.1SB 7 

R,# 4 I . 0  

MSB 7 

R# 2 I 0 

MSB 7 

R # 4 o 

6 5 4 3 

0 0 0 0 
Al 6 Al S Al 4  Al 3  

6 5 4 3 

a- 0 0 0 

A1 6 A1 S Al 4  
6 5 4 3 

0 0 0 0 

Al 6 A1 S Al 4 Al3 

6 5 4 3 

o o o o 

.� j 1 

0 I ,0 

Al 2  P�l 

2 1 

a : 1  0 
Al 3 -.A1 2 

2 1 

1 : 1  0 

Al 2  Al l  

2 1 

o 1 

0 

0 r 
. - ' � "» 

Al O  

0 

1 1 
Al l  

0 
0 

n.o 

a 

1 

. . A1 6 Al 5 Al 4 Al 3  Al 2 Al l 

L SB 
" 

LSB 

L SB 

LSB 

A m a x i m um  of 3 2  pa ge s m ay be , al l ocated i n  
th e sam e ma nne r ( u s i ng a 1 2 8 K-by te V RAM ) . 

1 4  
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TEXT' 2 MODE 

Character istics 

- Pat tern size 
- Patterns 
- Screen pa tte rn count 

: 6 dots (w) x a dots (h) 
: 256  typ�s 
,: 80 ( w) x 2�  ( h) patterns 

80 ( w) 'x 26 . 5 . ( h ) patterns 
- Pattern bl ink i ng 
- Pattern celors 

: Poss ible for each ch.ar a,cter 
: Tw o colors  out of si'2 : c010r5 (pe r  sc reen) 

four if using bl inking 
, 

- VRAJ.l area per screen aK bytes 

Controls 

- , Patte r n  font , : VRAM pa ttern generator table 
VRAM pattern ' name ta bl e - Scr�en pattern location 

- Bl ink attributes 
- ' �attern col or code 1 
- Patter n color co de 0 

: VRAM color tab:fe '" ' , 

: H igh- order f our bi ts of ' Rt,1 : ' ;!;. QW- or der f our b its of Rt.7 " 
: ' l.ow-order 'four ' bi ts of Rif:1 Background col or code 

- Pattern col or code I High- order four bits of RITZ 
( Used for blinking )  

: Low-order f our  bi ts of 'itt2. _ 
( Use d f o r  blinking ) - Pattern color code 0 

Initial Settings 

1 .  Mode and Reg i ster Settings 

MSB 7 6 5 ' -' 4' j 2 '  l '  0 
Ri O 0 100 I IE2 1 IEII 0 * 1 1 * I 0 *  I 0 :\  
Rt 1 Q I BL I rEo l 1 * 1 0*\ 0 l SI IMAGt 
Rt a lotS ILP IT!> 1 m . lvB. I 0 �p� " I�w L 
Ri 9 , I L� I O J" lSI .I. �,q I �� I EO �*ti� I D e l 
* , E xa�p�,e� p� $,et�jJ9f{: f�0 I't� � mode 

LSB 

Mo de -
Mode 
140c;1e 
Mo de 

" 

�egi ;st � r  " " ,  

r egi ster  
resi ste r 

. ; � , 

regi ster.: 

, ', :  

0 ': 
I " 

2 

3 

**. In�,t�ate s J �� ·�t·lV'e 19!1 C " ,  : " ,  

In th l.jlI di�p� �' J((pile t If ' t� l:s set - to � i' , 2 6' � 5  
�f;lp , if I,.,N: ' fs ��r, �9 f} (  2 4 ' }.ines a t,e sel�c�ed. 
Al l  othet" bite" at e se t accordingly " " 

l ine's "a.r e sel e ct:. e d ,  

2 .  Pa tterJ� Generator
, 
1abl� . Setti ngs 

. , i 

- The pattern generatpr tabl e! l$ ;an a'f' �a that, �t ot e $ th e pa t te r n  fonts. , , - JJ , ' , . ' . , --. ' r ·  . ' " ' " "  . .  - Each Pa"ttern 'ha s a number. f r om lPNO to PN255:. '  ' 
set : th;� i p'Eigl rittfng ':(head) addres s of the pat'te rn  generator tabl e in 
regi ster Rt 4 .  

MSB 7 6 5 4 
Rt4 o 

3 2 

1 5  

1 o LSB 
Pa tte r n  gene r at o r  ta bl e 
ba se a dd r e s s  r e g i s t e r 
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- Th e f ont f o r  ea ch pa t te r n  i s  co n st r uct e d  f r om 8 by te s ,  a n d  th e l ow er 
tw o bi ts o f ea ch of th e ei ght by te s i s  no t di spl ay e d .  

Pa tte r n  ge ne r ator ta bl e 

( X =l , 0= 0 )  

I I  
MSS 7 65 4:3 21 O L:SB 

o OOxoootro '
--... 

1 OXOXOOOO 
2 XOOOXOOO 
3 XOOOXOOO 
4 XXXXXOOO 
5 XOOOXOOO 
6 XOPOXOOo. 
7 00000000. ---' 
8 XXXXOOOO --.., 
9 XOQOXOOQ 

1 0  XOOOX.OOO 
1 1  XXXXOdoo 
1 2  XOQOXOQO 
13 XOOOXOOO 
1 4  XXXXQOOO . 
1 5  00000000 ---'-� 

2 0 4 0 ' XOXOXOOO 
2 0 41 OXOXOXOO 
20 42 XOXOXOOO 
2 0 43 OXOXOXOO 
2 0 4 4  XO XOXOOO 
2 0 45 OxOXOXOO 
2 0 46 xoxOXOOO 
2 0 47 OXOXOXOO -.......... -' 

These bits a r e  no t di spl ay ed . 

Pat te r n  num be r  0 

Pa ttern numbe r 1 

Patte r n  numbe r 2 5 5 

3 .  Pa t te r n  name tabl e , se ttihgs 

- Th e pa t t e r n nam e tabl e is coinpo sed of ,one ' by te f ot e a ch s c r e e n  
pa tte r n .  Each by te spe c i t :i e,s ",- IlP,lq ue patte r n.. , 

- If L N  i s  set to 0 , th e s c r e e n  ai spl ay ' ,p(1.tte rn 1,s �O  ( w) x 2 4  ( h ) ; 
, and �f L� i s  se t tE> 1 ,  th e  scr een dics'pl ay pa tte r � ' i s 8 0  (w) , x '  26 . 5  

( h) .  Th e upper half of th e 2 7 j::h pa ttern ( h> ' is, di spl ay ed .  
- S e t  th e be g i nni ng ( head) a dd� � s s  of ,the pat;ter n  nam e tab;L e i n  

r egi st e r  R# 2 .  
' 

MSB 7 6 5 4 3 2 1 o 

!{ i 2  o " IAl 6 1Al SJAi4 1Al31Al 2J ,I Ii] 

1 6  

L SB  
Patte r n  nam e t a bl e  

ba se address r eg i st e r  
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Pa t t e r n  nam e  ta bl e 

( 0 ,  0 )  
Base add ress 

o 0 1 2 3 7
'
9 X 

. ! 
! . 

' · 1 

< 
. , 1 ,  o r, i 

( 2 ,  0 )  2 .  
� 

, 

(7 9  t o ,) " 7 9 ,  

( 0 ,  1 )  80 

4 . Col or ta bl, e. settings 

" " . .  '., 

0 : 

.. 1 

25 

26 
y 

80 81 . . .  _ .  1-:-�+-____ -I-
_8_2-+-, _

____ �l_, .: +-' • , �  I �:: I : . .  
0' , 1 . .  2 , ' 3 ,  . ' . 

, . - . . 

20 0 0  
c 

20 80" 

0 

2 0 0 1  " 
, ::20 Sl : 

� .' 

Scr een di spl ay ' dor r esponde rtce 

. - I n  TEXT 2 mode ,  each- pattern 'has a se pa r ate · bi t  f or A th'e attribute 
a r e a ,  and if th i s pj,. t i e  �e t to 1 ,  th e patt.e rn  bl i,p,k attr i bute wil l  
b e  set .  . 

- .  Set the beg inni ng · (head )  a ddr e ss of the col or ta bl e in r e g i s t e r s  R' 3 and RH O . 
MSB 7 6 5 4 _ ;L '  � 1 0 . ' 

' , ' .  ' . . :' �� � , , ', : ;;<� f."\ . ,.L : ;  � . .  ' i f . r " ,::.. 

R:fI: 3 · l ld3 :1 A1 2 I All l. Al O  IM' :l'i;+ -� ':J> i I 
Ri l O  .1 0 ,( 0 L O l .�� I p� 1l\l� ,I� �ltl4 1 

COL OR TAB LE 

MSB 
o 
1 

( 
( 

7 
0 ,  0 )  

,8 , 0 )  

2 6 � 1  < 7 2 : 2 6 ) I 

( 
( 

6 5 
1 ,  0 )  ( 2 , 1  

, 

9 ,  0,) < 1 0 , :  
. ' 

. ' 

. ; 

3 
0 )  -, rr 0 )  ( 1" 0 )  

0) :-( [[ '/ 0 )  < 1 2 , 0 )  
. - , ' . .  � : 

. . 
. 
, 

: . 

1 . . I .-
I .  

1 7  

( 

' j , ' ,  

LSI 3" 
"� . . . � ' .  

Cal ar ta bi:� 
ba, se adCi.r ess .; r e g i st e r s  

. ,'  - . � !  

1 o 
'.' 

5 ,  O) ( 6 ,  ' 0 ) ( 7 , 0 ) 
< 13 ,  0 )  { 1 4 , · O J < 15 ,  0 )  

• ,I 

· 

L SB  
B a se 
ad dre s s  

I · , 1 1 7 9:2 6 ) 1 
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5 .  Col or regi ster  se ttings 
- Set the col or for pattern 1 in the hi gh-order hi ts of regi ster Ri7 . 
- Set the col or for pattern 0 in the low-order bi ts of regi ster Ri7 . 

MSB 7 6 5 4 3. 2 1 0 L SB  

Ri7 ITC3 I TC� .. I T.· . . Cl
.
I Tco l

.
BD3 I B.·.

D2 I B))1 1 BDO I Text col or/ Ba'ck drop . col or regi ste r ' 
- Set th e bl ink at.tr i bute for the con responding pattern by setting an 

alternate c0l or code in regi ste r R i l 2 . Th e patte r n  w ill be blinked by using th e color code s set in regi sters Ri7 and R i 1 2 . 
MSB 7 6 5 4 3 2 1 0 LSB 

Rf12 ' I T23 I T22 1T21 I T2() I BC3 1 l\lC� tBcl l�CO I Text co1 6t/BllCk col or 
r egi ster 

6 .  Bl ink regi ster se ttipgs 
- The color codes se t in regi ster s  R i 7  and Ri12 w il l  be al te rnately 

di spl ayed for bl inking ; however ,  the bl inking per iod attr ibute ( time 
on and time off )  can al so be set in regi ster Ri13 . 

R i12 R i7 R i1 2 

I �  On time � I � Off time � I  

MSB 7 6 5 4 3 2 1 0 L SB  
Ril3 ION3 1 0N2 1 0NI I0NO I OF3 1 0�2 IOFIJ�FO l Bl inking pe r i od regi ster 

I I I '  ; L. _ :: ' ON time ' OFF time ' 
- The data for the ON and O FF · ti.mes at.e - .shown bel ow .  ( NTSC) 

DATA ( Binary )  . TIME (ms )  
0 0 0 0 0 
0 0 o 1 166 . 9  
P Q .1 0 3 3 3  .•. 8 ,  . 
0 0 , 1 .1 50 .0 . 6 i  
0 L O  () - ,6 6 7 d S ,  
0 1 0 1 83 4 . 4 '  
0 .1 1 0 1 0 0 1 . 3  
0 1 1 1 11 6 8. 2  
1 0 0 0 1335. 1 
1 0 0 1 15 01. 9 
1 0 1 0 166 8. 8  
1 0 1 1 1 83 5. 7  
1 1 0 0 200 2. 6  
1 1 0 1 21 6 9 . 5  
1 1 1 0 233 6.3 
1 1 1 1 25 03. 2 

1 8  
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Exampl e  of VRAM allocat ion i n  TE XT 2 mode 

O O O O O H  

0 0 87 0 H 

O O AO O H  

O O BO EH 
O l O O O H 

01 80 0 H  

020 0 0 H  

0 2 87 0 H 
0 2AO O H  

0 2BO EH 
03 0 0 0 H  

03 80 0 H  

0 40 0 a H  

IFFFFH 

I patfe r n  
Name 
Tabl e 0 

� Col or -

Tabl e 0 

Patter'tl 
G rne rabor 
Tabl e '0 

Pa tter n 
Name 
Tabl e 1 

, 

-Col or -

Ta�bl e ll.' 
. "  

Pattern 
G ehe r atilt ' 
Tabl e a 

, 

' -iii 

Pattern nam e table base addre ss 

t.iSB 7 6 5 

Ri2 0 I 0 0 

Al 6  Al S 

Col or tabl e base 

'14$13 7 6 5 

Ri] [ 0 I 0 I 1 
Al 3  Al 2  Al l 

R i l O a a 0 

Pattern gene r ator 

1-1$'13 1 

RIM '" I '  6 
6 

t 0 

' . j l 

5 

1 0 
Al:6 

4 3 2 1 a 

0 0 0 I 1 1 1 

Al 4  Al 3  Al 2  

address 

4 3 2 1 0 

0 1 1 I 1 I 1 
Al O  A9 

0 0 a 1 0 " 1  0 
Al 6  A1 5  1'.1 4 

ta bl e base add ress 

4 3 2 1 a 

,I 0 L a . 1  a I 1 0 

Al 5 Al 4 ' Al3 )\1 2  All 

L SB  

L SB  

I 

L SB  

A maximum of  16  pa ges m ay  be allocated i n  
the sam e manne r ( us i ng a 1 28K....:by te' VRA�1) • 

1 9  
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MU L T l COL OR MO DE 

Characte r i st i cs 

- Scr een compo si tion 
- Col o r  bl o c k s  
- Spr i t e  mode 
- VRAM ar ea pe r  screen 

Co nt r ol s 

- Col or block col or code 
- Col or block l ocation 
- Backgr o und co1 9r code 
- Spr i te s  

Ini ti a1 Settings 

6 4  ( w) x 48 ( h ) col o r blocks 
S i xteen col or s o ut of 5 1 2  col or s  
S pri te ·mode 1 
4K by te s 

VRMI pat t e r n  ge ne rator ta bl e 
VRAM -pa tte r n  name table 
L ow- or de r  f our bits of R#1 
VRAJIl spr i te, attr ibute table 
VRAM spr i te patte r n  ta bl e 

1 . Mode .a.n6 Re!gi st e r  Settin gs 
MSB 7 6 5 4 3 2 1 o LSB 

Ri O r O I DG I Ii2- 1 lEI I ' 0 *  I 0* 1 '0 * I 0 Mode r egi ster O .  
R i l  J , O - I BL tIEO I . 0 *' 1 1-* 1 . 0 I SI -"I�G Mode regJ ster 1 Ri 8 1'l'1S I_LP I'TP I CB ·I VR: ·I O ·  I lspoTsw Mode tr e gi st-e r:. 2 "  
Ri 9 I LN' l o ' I sl I s�6 I IL l EO �*NT IDC Mode -r e:gi.st, e r  3 
* E xam pl es of se ttings th e di spl ay mode to th e MUL TI COLOR mode 
* *  I ndi cate s negat ive logi c 

2 .  Pattern Gene rator Tabl e Settings 

- 'rhe pa tt� l" n  .gene,e ator tab;Le j.·fii an area that st ore s  the color s  of th e 
col or bl ocks . 

- Each pat te rn is made up of four col or blocks . These patterns are 
approximately 8 x 8 when the dot s  av ai l abl e for the scr een d isplay 
ar ea i s  2 56 x 1 92 dots. 

� 8 dot s ---

A 

C D 

1 
8 do t s  

I 

2 0  

For each bloc k A ,  B ,  C,  
a nd D, sixteen col o r s �ay 
be spe cif i ed .  
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- I n  th e MUL T I COL OR mode , tw o by te s a r e  us e d  f o r ea ch pa tte r n ,  and 
e a ch pa t t e r n  incl,ude s f our col or bl oc k s .  

MSB 7 6 5 4 3 2 1 0 LSB 

C�l or : COd� A C�l or : COd� B I �l or : COd� C C�l or :co d� D I 
- In th e MULTI<X)LOR mode , for each pattern name , th ere a r e  f o ur 

cor r e spondi ng col or blocks ,  and a cco r di ng to the y- coo r d i na t e , th e 
pa tte r n  name s  are automatically se t .  

MSB 7 6 5 4 
, 

Col or code A 
l .• 

, ., 

Col or co de C : ', ' , 

Col or co de E 

3 

, 
Color co de 

· 

Co�o r  co de 

Co l o r  co de 

o 

B 
D 

F 

I.SB 
Patt e r n w hen 
Y='O , .( , 8 ,  1 2 , 1 6 ,  
o r  2n i s  se l ec t e d  

Pa t t e r n when tHB·· F f 
Pa tte r n .

.

.

.

.

. G. ' •... ' 
.. 

H .
. 

·.1 . nam e ' · · · � . Col or co de G ' .  
Col or 

" � 

co de 
! t.- .� 

H 
Y=l , 5 ,  9 ,  1 3 , 1 7 , 
o r  2 1  i s  sel ect e d  

iN [2E ui:J 
tHE 

Col or co de 
Col or c()�e · 

_..I. � , ,,, . ' 

Col or co de 
Col or co de 

I 
K 

M 

0 

Color co de J '" 

Co'l-or - co me · · L 

.• 

Col or 
, 

Col or 

� .  -
· , 
code N 
· , . 

co de P 

Pa tte r n  w hen 
Y=2 , 6 ,  1 @ , - 1 4, 1 8, 
at' 22 is se l e ct e d  

Pa t t e r n  w he n  
Y=3 , 7 ,  1 1' , 1 5 ,  1 ·9 , 

· o r 2 3  i s  sel ect e d  

Set the be ginni ng ( hea d )  a ddr e s s  of the pa t t e r n  gene r a tor ta bl e i n  
r egi ste r R I 4 . -

MSB 7 6 5 4 

RI 4 o 
3 2 1 o LSB 

Patte r n  gener ato r -tabl e 
ba se a dd r e .s r e g i st e r  

Pa tter n ge ne r ator ta bl e 

Pa tt e r n  name 1 0  
( E i gh t  by te s )  

Patte r n  nam e  II 
( E i gh t  by te s )  

Patte r n  nam e  1 2 5 5 
( E i gh t  by te s )  

o Base a ddr e s s  

8 

1 6  

2 0 40 

2 0 4 8  

2 1  

- .� .�- - ---.---,. ���- - ��-����- � �--- ---------
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3 . . Patte rn name table se ttings 
, 

- The patte rn  name tab l e is composed of one byte for each. screen 
patter n. Each byte specifies a . unique pa·tte rn numbe r. 

Pattern name table 

. , 

o 

i 

22 
2 3  

y 

o 

0 
3 2  

� 

70 4, . , 
73 6 

':::' " . , i . 

1 2 . 

, 1 . ' 2 
' .. 
3 3  3 4  

. -
70 5· . '  

137  

3 , 3 1 X 

, 3 

3 5 

. .. . . . -

. :  I .  ·:�I 
.. . . . .  

'\ ., ' 
- Set th e beginning ( head.)· a dd r e ss of . the . pa tte r n  nam e t.abl e 1 1) , 

r egi ster Rt2 .  
.� . , - , , ; , j  MSB , 7 . 6 - ' · · ·4 2 1 o L �  c .· , . � 

R# 2 , . , O ' [Al6 fA1 5 IM 4 IAl3 1'Al2 IAlI IMo"rpatt�rn �aIil� ' tab� e 
. " )  , . . .. . . . ba s,e addre $S I;·eg�ste r  

.. 
Patt,ern name tabl e 

( , . 
.l; 

: .  • i ' , 

( 0 ,  0 )  
Base addres s 

o 

( 1 ,  0 )  1 

( 2 ., 0 )  , 2 , 

< 3 1 , 0 )  3 1  

( 0 ,  1 )  3 2  

( 3 1 , 23 ) 767 

, \  

2 2  

- . - , �. - - - - " .----.---------
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4 .  Co l o r r e g i s t e r se t t i ng s  

R#7 
L SB  
Te xt co l o r / Back drop col or 
r e g i st e r  

Spe c if i es ba ckdcr op col or 
I gno r ed 

5 .  Sprite se t t i ngs 
Se t th e be g i nn ing ( head )  a dd r e s s  of th e �s:p£i tie attjr ibut:·e tabl e in 
r eg i st e r s  R i 5  and R i l l  ; and s e t th e  be:g�lri'llin;.g ( hea,Q) ared.r·.e.slD. of th e, . 
spr i te pa tte rn gene r a t or tabl e in ' r ega:.st:er Ri6 . Fdr de ta i l s  a bo ut 
spr i te s., see th e se ct i on o Ili  tt�piRiTE M()-'BE 1. 

R i S  
Rill 

Ri 6 . 

MSB 7 6 5 4 3 2 I o 

IAl 4 IAl3 IAl2 1All IAlO IA9 li A8 IA7 I Spr i te a;ttr i bute tabl e '�I =0=' =*===*====*====*==�==�li="''"''='· ''-=·6··::¢'···.'I=··", ·=1·'' ' '=5�"""I " .. �ase a ddr e s s  r e g i st e r 

_ 0 I 0 r 0 I Q  1 0'  � fi).' .� n .' '. 

1 Q 

2 3  

Spr i te "' t k� Jr n ise.n� r ator 
tabl e baBe add r e s s  
r e g i st e r  
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E xampl e of VRA}l a l l o ca t i o n  i n  MUL T l COL OR 'mode 

O O O O O H  . 

S pr ite 
G ene r ator 
Tabl e 

(1 0 2 4  
byte s )  

0 0 4 0 0 H  
Patte r n  
Name 
Tabl e  

( 7 6 8  
by te s )  

OOTO OH . .  

0 0 80 0 H  

, 

Patte r n 
O O C O O H  G ene r ator · 

Ta.bl e 
( 2 0 4 8  
byte s )  

Ol O O O H  

lFFFFH 

.

......... ..
.- Spr ite 

attr ibute 
. .  ta:bl e  

. ,(12 3· 
bytes ) 

. '. 

0 0 7 0 0 H  

0 0 7 80 H  

00 80 0 H  

A maximum of 3 2  pages  may be al l o ca t e d i n  
th e  same manne r ( using a l 2 8K-by te V RAN )  • .  

2 4  
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G RAPH IC 1 MODE 

Char acte r i st i cs 

- Pa ttern si z e 
- Pa tte r n s 
- Screen pattern co unt 
- Pattern col ors 
- Spr i te mode 
- VRAM ar ea pe r  scr een 

Co nt r ol s  

- Patte r n  f ont 
- Scr een pa tte rn location 
- Pa tte r n  col or codes 1 & 

- Backgr ound col or code 
- Spri te s 

Ini tial Settin gs 

8 <lio t s  '( w) . x g do t s  ( h )  
2 5 6  type s 
3 2  ( w) x 2 4  ( h )  pa tte r ns 
l '  col or s o ut of 5 1 2  color s ( pe r  scr ee n )  

: . S-F'I';i t.e- mede 1 
4K by tes 

: VRAM pa tte r n  ge ne r a t o r  ta ble 
: VRAl>'I pa tte r n  name tabl e o : Can be spe c i f  i ed a s  a group f or ea ch 

8-pa t t e r n  se t , in th e V RAN col or tabl e 
: L ow: o:rder foul' bits of Rf:7 -' 
: VRAM spr i te a t t r ibu t e  tab>l er VRAM spr i te 
. ' pa t te r n  ta bl e . 

1 .  Mode and Regi st er  S etti ngs 

. MSB 7 6 5 4 3 2 . 1 o LSB 
Ri O 0 IDG I IE2 1 IEl i 'Ot*' , cO * " . 0* 1 0 I 
Ri l I 0 IBL I IEo l 0* 1 0* 0 S I  I MAG I  
Ri 8 (MS I LP I TP I CB IVR 0 SPD lEW I 
Ri 9 I LN I 0 l SI Iso IlL EO �*NT IDC I * Examples of se ttings in  G RAPH I C  1 mode ** I ndi ca te s negativ e log i c  

2 5  

Mode 

Mode 
Mode 
l-lo de 

r e<3.i ste r 0-
recg:j$t.er J 
r e9'i ste r 2 
r e g i ste r 3 
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2 .  Pa t te r n  G ene r at o r  Ta bl e S etti ng s 

- Th e pa t te r n  ge ne r at o r  ta bl e i s  an a r ea th at st o r e s  th e pa tte r n f ont s .  
0 - Each pa tte r n  ha s a numbe r f rom PNO to PN2 55 . 
- The f ont for ea ch pa t te r n  i s  co nst r ucted f rom 8 by te s .  
- Set th e be g i nni ng ( head )  adiress of the pa t te r n  ge ne r ator tabl e in 

r egi st e r  Ri 4 .  

MSB 7 6 . '  5 4 3 ° 2 l '  Q LSB 
a# 4 0 1 0 tAl6 [Al 5 IAl 4 !Al3 'IAl 2 1;Ul 1 Patterll generator ta bl e 

ba se address r e gi st e r  

.Pa t te r n  ge ne r at.o r ta bl e 

( X =l ,  0= 0 ) 
! . . \ ' Msi3 7 6i 543 2Hl LSB 

o OOXXXOOO ' --..,.-.., 
1 . 'OXOOOXOO .. ; . 

2 XOOOOOXO 
3 XOOOOOXO 
4 XXXXXX

·
XO 

5 XOOOOOXO 
6 XOOOOOXO 
7 00000000 --� 
8 · XXXXXXOO 
9 XOOOOOXO 

1 0  XOOOOOXO 
1 1  XXXXX'XOQ . 
1 2  XOOOOOXO 
13 XOOOOOlXQ: 
1 4  XXXXXXOO 
1 5  00000000 -+. - ........ . 

2 0 40 XOXO XO XO 
2 0 4 1  OXO XOXO X 

2 0 42 XO XOXO XO 
2 0 43 OXO XOXO X  
2 0 4 4  XO XO XOXO 

. 20 4 5 OXO XO XO X  
20 46 XOXOXOXO 
2 0 47 OXO XO XOX 

� .� . '. � '  

Pat t e r n  numbe r 0 

'Patte {l l'l  nundOe r 1 
' : ( 

" .. ' ... • 

Pa t t e r n  num be r  2 5 5 
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3 .  Pa tte r n  nam e ta bl e se t t i ngs 

- The pat te r n  name "tabl e is compo sed of 
pa t te r n .  Ea ch by te spe c i f i e s" - a  l,lhiq ue 

- Set . th e  be g i nn i ng ( head )  a ddr � $ s of 
r egi st e r  R* 2 .  

MSB 7 6 5 4 3 2 . I 

one by te f or ' each s c r e e n  
pa tte r n .  
th e pa t te r n  nam e tabl e in 

o LSB 

R#2 o · 1A161Ais IA1 4 IAl3 \A12 1M..l IAlO 1 Pa t te r n  name tabl e 
ba se addr e s s  r e g i s t e r 

Pa tte r n .  name ta bl e  

( 
( 
( 

0 ,  
l �  

� -' . 
2 ,  

( 31 , 
( 0 , 

0 )  

0 ) 

0 )  

0 )  
1 )  

. .  .. 
• 

, 
Base 

0 
1 
2 

3 1  
3 2  

addr e s s  

-1 :11 ,23 ) I 7 67 ( by te ) 

4 .  Col o r  r eg i st e r  se ttings 

MSB 7 6 5 4 

; 

3 

0 1 2 3 ; 3 1  

0 � .  :r � 
1 3 2  3 3  3 4  

3 "  . : I !! I 3 5  

2 2  7 0 4 ; 7 0 5 

23 ' 7 3 6 . 7 3 7  

y 

scr e e n  di spl ay co r r e sponde n ce 
" . " 

2 1 o L SB  
R * 7  Text col or/ Back dr op 

�r-'--r-.L.-r-.L-r-.L-,--....L...T"'""..L-T"'""-'--r-...J c o  l or r e gi s te r 

X 

Spe c i f i e s  ba ckdr o p  co l o r 
code 
Igno r ed 

5 .  Col o r  tabl e se t t i ngs 

- Th e co l o r s for pa t te r n  col or 1 and pa tte r n  col or 0 a r e  se t in gr o ups 
o f  ei gh t pa t t e r ns . 

- Set th e be g i nni ng ( hea d )  a dd r e s s  o f ' th e co l o r ta bl e i n  r eg i ste r s  R # 3  
and R i I O . 

2 7  

---- -_ . _----
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MSB 7 6 5 4 3 2 1 0 L SB  

Ri3 -· I. A1 3 IA1 2 I All I AI O  l Ag I A8 I A7 l.l\� I Co l or ta bl e ba Se add r e s s 

Ril O I 0 1 0 I o Lo1 �� 1�6 r�§ [Ai41 r e9i s� e r 

Co l o r  ta bl e 

i "  

o 
1 

: 3 1  
-j" . . .  

I ,  . , 1 , r ( l r" 
MSB 7 6 5 4 3 2 1 0 

Fe3 FC2 Fel FCO ' BC3 · BC2 BCl BCO 

FC3 FC2 FCI FCO Be3 BC2 BCl BCO 

: : : : . :  : : : .:" : . : .  I . ' : . : .  _ . •  : • . • : . . . .. . '  . . . 
: . ! . : . : . : . : . : . : . : : J .. " t .. · · --: ;, .. , - . !  . � !  - -: : ! I FC� 1 fc�dt¢l I F�ri I �Cl f �C2 1 Bel l Bca l  

Col or �o de ' f or pa r t  1 
Col o r  �ode f or pa r t  0 

LSB 
B a s e  add r e s s  
Pa tte r n  Nbs . 0 to 7 
Pa tte r n  Nos . a t o  1 5 

. �. . 

P a t te r n  N o s  .. . 2 4 8 . to 2 5 5 

6 .  Spr i te se t t i ngs 

Set th e beg inni ng ( heac H : addr e s s '  of th e spr i te a t t r i bu t e  _ tabl_e i n  
r egi st e r s ' iu s and Rill., a nd· set.  � Fhe be gi nn i ng ( he� d )  i a ddr e s s  o f  th e 
spr i te pa t t e r n  gene r atot tabl e - i n ;  r &g i s t e r  R # 6 . Fb r ' " Qe ta i.l_� o n  
spr i te s ,  se e th e se ct: i o,n on SERlTE MODE 1 . 

MSB 7 6 5 4 3 2 1 0 LSB 
R i s  I AI 4' I Al3 IA1'2 I Aii l li o l A9 I A8 . f A7 I Spr i te . a t t r i bu t e  ta bl e 

Rill I 0 I 0 I 0 ( 0 1 0 1 0 I Al6 I Al s t " l)a se adoress r�5Jister  

R# 6 o o · I A1 6 I Al s JA1 4 I A1 3 I Al 2 I Al l l . S pr i te pa t te r n  ge ne r at o r  
tabl e ba se a dd r e s s  
r e�i st e r  , 

. :  ' 
. - ",  . .  ' - - . �  . --

2 8  
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E xampl e of VRAM al l o ca t i on i n  G RAPH I C  1 mode '" 

O O O O O H  

0 0 40 0 H  

0 07 0 0 H  

0 0 80 0 H  

O OC O O H 

Ol O O O H 

l FFFFH 

S prite 
Generator 
Tabl e 

( 1 0 2 4  
" 

bytes ) 
, ' 

Patte r n  
Name ' 
Tabl e 

( 7 6 S  
bytes ) 

- ; 

. , 

Pat te r n  

., 

G enerator 
Tabl e  
( 2 0 4 8  
by tes) 

i ' 

.. ' 

, 

. . 

.•..
.. 

... 

S pr i  te 
attr i bute 

' table ( 12 8 
by te s )  

Col or 
·t�d)le 

0 0 7 0 0 H  

0 0 7  SO H 

1 3,� .  pyteeF 0'0 7 AO H  

)" . . -

" 1 

0'0 80 0 H  

- ' .' . 

!I f maximum .0£ :3 2 '
Pa ge s may be al Io ca t e d  in 

"tlfEf sam e manne r ( using a l 2 8K-py te VRMi) • 

2 9  
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G RAPH IC 2 AND G RAPH I C 3 MODES 

Cha r a cte r i st i cs 

- Pa tte r n  s i z e 
- Pa t t e r n s  

8 do ts ( w) x 8 dot s  ( h) 
7 6 8  type s 
3 2  ( w) x 2 4  ( h) pa tte rns - Scr een pa tte r n  co unt 

- Pa t t e r n  col or s  - Spr i te mode s 
16 col or s o ut of 5 1 2  col o r s (pe r scr e e n ) 
S pr i  te mode 1 ( GRAPH IC 2) 
S pr i te mode 2 (GRAPH I C  3 )  

- VRAM a r ea pe r  scr e e n  1,6 K by te_s 
* The G RAPH I C 2 and GRAPH I C 3 mode s ar e ident i cal except f or th e 

spr i te mode s .  

Co nt r ol s  

- Pa tte r n  f ont 
- Scr e e n  pa t te r n  l o ca t i on 

: VRAM pa tte r n  gene r ator ta bl e 
: . VMl:1 .  pa tte J: p ·  nam � tabl e 

- Pa t te r n  color co de s 1 & o : Can be spe cif i ed a s  a g r o up f or ea ch 
raste r ,  i n  th e  VRAM col or ta bl e 

- Ba c k g r oun d co l or co de 
- Spr i te s  

: l.'ow- or de.r f our bits of R* 7 
VRAM spr i te attr ibute tabl e ,  VRAM spr i te 
pa tte r n  tabl e 

In i t i al Sett i ngs 

l .  Mo de and Reg i st e r S e t t i ngs 

11SB 7 6 5 4 3 2 1 0 l.SB 

R* O 0 IDG I IE2 1 l EI 1 0* 1 %* 1 % *  1 0 Mode r e g i st e r  0 
I I 0 ,  1 f o r  G RA PH I C  

1 ,  0 f or G RAPH IC 

R # l , 0 I BL IIEO 0 * 1 0* ( 0 l SI I MAG I Mode r e gi st e r  1 

R# 8 MS I LP I TP CB IVR I 0 I SPD I BW I Mode r egi st e r  2 
R# 9 LN ( o l SI SO I lL l EO �*NT I DC I Mo de r e g i ster 3 
* E xampl es of se tti ngs i n  G RAPH I C 2 mode or G RAPH IC 3 mode 
* *  Indi cat e s ne ga t ive l o g i c 
Al l oth er bi t s  a r e  se t a c co r di ngly . 

3 0  

;J 

.1 mode 
3 mode 
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2 .  Pa t t e r n G e ne r ator Tabl e S e t t i ng s  

- Th e pa t t� r n  gene r ator ta bl e is an a rea th at st o r e s  the pa t te r n  f o nt s .  
- Each pattern gr o up ha s a numbe r f r om · PNO t o  PN2 5 5 ; a nd s i nce ea ch 

g r oup may hav e th r e e  membe r s ,  7 6 8  patte r ns may be spe c i f i ed .  
- Th e f ont for ea ch pattern  i s  co nst r ucted f r om 8 by te s .  
- Set th e beginning ( head )  addr ess of the pa t te r n  gene r at o r  ta bl e i n  

r eg i st er R# 4 �  . . 

" • :l ,  

MSB l' 6 5 4 3 2 1 a LSB 

R# 4 . . t '0 1 ; 0 IAl6 1 AIS I Al 4 IAi�J 1 I I Pa tte r n  ge ne r ator ta bl e 
base a dd r e s s  r e gi st e r  

3 .  Co l or tabl e se ttings 
- The co1 6.r s for pa tter n col or 1 ?nd pa tte r n  col or 0 ar e se t a s  a 

gr oup of one. ta st e r .  
- Th e  color tabl e co r r e spo nds to the patte r n  ge ne r ator ta bl e on a one

to-:- one ba si s .  
- Set th e be ginni ng ( head) add r e s s  of th e  col ot ta bl e i n  r eg i ste r s  R B  

a n d  RI I O .  
Msa "1 6 5 4 3 

R # 3  ;l1d�l .  I I I I I 1 
Rn o  J 0 l. o  I 0 0 I 0 

4 .  Co l or; re:gi stef se ttings 

�lSB 7 6 5 4 3 
R#7 

2 I a LSB 

1 1 
. '1 '· 1 ; r 1 I Col o:r ta ble base addr e ss 

1�.6tAi p�4·1 r e gi st e r  

. I . 

2 I 

3 1  

o LSB 
Text co� o r / Ba c k d r op 
c o l or r eg i ste r. 

Spe ci f i e s  ba c kdr o p  co l o r 
c o de 
I gno r ed 
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Pa tte r n  ge ne r ator ta bl e 

(X=l , 0= 0 )  

Pa t te r n  numbe r 0 

-Pa t t e r n  numbe r 1 

Pa tte r n  numbe r  2 5 5  

Pa ttern ge-pe r at o r;: 
tabl e . 

256 pa t t e r ns 
-

f or uppe r 
th i rd of 
s cr e e n  
( 20 4 8  by te s )  

2 0 4 8 �------� 

40 96 

6 1 4 4  

256  pa t t e r n s  
f or m i ddl e 
th i rd of 
s cr een 
( 20 4 8  by te s )  

� 
2 56 pa t te r ns 
f or l ower  
t h i r d  of 
s cr e e n 
( 20 4 8  by te s )  

. MSB ·7 6 5 43 2;I. O , LSB ' MSB 765 4.3 21 0 LSB 
00000000 r--- 0 OOXXXOOO . 

.. I '  OXOOOXOO . 
2 XOOOOOXO 
3 XOOOoQXO 
4 XXXXXXXO 
5 XOOOo.OXO 
6 �OQOOOX9 . .  
7 00000000 

-- 8 xnxnoo-
9 XOOOOOXo 

1 0  XOOOOOXO 
1 1  XXXXXXOO 
1 2 XOOOOOxO 
� 3 XOOOOOXQ . l 4 XXXxxxob 
1 5 . 00000000 

.. ' . 

r--- 2 0  4 0  XOXOXOXO 
2 0 41 OXOXOXOX -. 2200" ,4

4
-.23- : �OX9XOXO 

OXOO{OXO'X 
2 0 4 4  XO.XOXOXQ 
20 45 -OX.OiXOxOX 2 0 '46 xcucb.XOxo 

�--- 2 0 47 oxoxoxox 

" 00600000 
'00000000 
00000000 
00000600 
OOOPOOOO . 
00000000 · ' 00000000 

' 00000000 
00000000 
00000000 
oqOPQOOO 

. - .  OOOO()OOO 
. OO,OOOO()O 

O�OOOOOO . 
00000000 . 

, � ,  r � ' , 

00000000' 
_ , OOOOOOOQ 

00000006 obp�oo 
. .  OOOOuuOO 

I .. gggggggg 
00000000 

Col or pa t te r n  1 _____ ""--101_: .  -...'+'1' . I 
Col or pa t te r n  0 -------.... - ---'-

Col'or ta bl e 

2 5 6  col or s 
f or uppe r 
th i rd of 
s cr ee n 
( 20 4 8  by tes ) 

2 5 6  col or s 
f or m i ddl e 
th i r d of 
s c r e e n  
( 20 4 8  by te s )  

2 56 col or s 
f or l ow e r  
t h i rd ·of 
s c r een  
( 20 4 8 by te s )  

3 2  

( 

B al?e addr e s s  

.... ' .  " . " . 

. . .
. .. . . . . . .. 

. Uppe r 
Th i r d 

Mi ddl e 
Th i r d 

L ow er 
Th i r d  

D i spl ay s c r e e n  
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3 .  Pa tte r n name tabl e se ttings 

The patte r n  name tabl e i s  composed of one by te f or - ea ch s c r e e n  . 
patte rn. Each by te specif ies a uniq ue pa t te r n. 

- The uppe r ,  middl e ,  and l ow er pa r ts of the scr een can be u s e d  a s  
t h r ee di f f er ent' pa r ts , for a total of 7 6 8 r>atte r ns. 

Pa tte r n  name ta bl e 

( 0 ,  0 )  Pat te r n  di splay ar ea f or uppe r ( 31 ,  0 )  
thi rd of ser-een ( 25 6  by te s )  

. (  0 ,  7 )  ( 3 l , 7 )  . 
( 0 ,  8 )  Pa tte r n  di �pl ay ar ea f't>r middl e ( 31 ,  8 )  

tll i rEi ef c ser een ( 2 56 byte s )  
( '0 , 1 5) < 3 1 , 1 5 )  

> 

( 0 , 1 6 )  Pa ttern di splay ar ea f or l ow e r  (3 1,16 ) 
thi rd of sCr een (25 6 by te s )  

( 0 , 2 3 ) ( 3 1 , 2 3 ) 

Set th e be g inni ng ( head ) a ddr e ss of th e pa t te r n  name ta bl e i n  
r egi st e r  R i 2 . 

MSB 7 6 5 4 3 2 1 0 LSB 

Ri 2 0 I A16 1 A15 1 A1 4 1 A1 3 1 A1 2 1 All i A10 1 Patte r n  nam e ta bl e 
ba se addr e s s  r e g i s t e r 

Pa tte r n  name tabl e 

Base a ddr e s s  
0 ,  0 )  0 

1 ,  0 )  1 r-- Fo r uppe r th i r d 
o f  sc r e e n 

( 3 l , 7 )  255 

( 0 ,  8 )  2 5 6  
- Fo r m i ddl e th i rd 

of s c r e e n  

( 3 1 , 1 5 ) 511  
( 0 , 1 5 ) 51 2 

- Fo r l ow er th i r d 
o f  s c r e e n 

( 3 1 , 2 3 ) 7 67 ( by te )  

3 3  
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4 . Spr i te se t t i ngs 
- S.et tb e beg i nning ( hea·d ) addr e ss of th� spr i te : ?lttr,i bute : ta bl e i n  r egi st e r s  R#S and R l l l ; ,a nd s e t tbe i;)e ginn ing ( head) a dd'r e s� o� : th e 

$pr i t,e pa t ter n gene rat,or ta i:>l e i n  r e9i ste r  JU 6 . ) Fqc de ta i l s a bo ut 
apr i te s pe r taini ng �-Q GRApH IC 2 mode , see t!l e se ct j.,Qn on S PRITE MO PE 
1 ,  and f or deta i l s about spr i te s  pe r ta i n i ng to G RAPH I C  3 mode , see 
the se c t i on on S PRITE MOPE 2 .  

MSB 
R# 5 
Rill 

7 6 5 4 3 2 1 0 

I:A1 4 1  Al31Aiil AlIlAi al M I . is [ . A7 ·1· 
I' 0 1 . 0 I 0 l o r  0 1 : 0  f Al6TAl S I 

LSB 
. , " '- . "  ' . . < 

Spr i te att r i bute tabl e 
r:' 

ba se a ddr e s s  r egist e r  

�# 6 0 1 0 IAH) [�l 5 1· Al 4.Pu 3 1 Al 2 PUiI SP'J; � t� : pa t te r n gene r ator ta bl e ba se a ddJr e s s  

3 4  

r egi l!'t.e.r . 
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Exampl e of VRAN all o ca t i on in  GRAPHIC 2 mode 

O O O O O H  

0 0 800 H 

OI O O O H  

Ol 80 0 H  

020 0 0 H  

0 2 8 0 0 H  

0 3 0 0 0 H 

0 3 80 0 H 

03 BO O H  

0 4 0 0 0 H  

I FFFFH 

Pa tte r n  
G ener ator 
Tabl e  
Upper 

Patte r n  
G ene r a to r  
Tabl e 
Mi ddl e 
Pa ttern 
G ene r at o r  
Tabl e 
L ow e r  

Col or 
Tabl e 
U ppe r 

Col or 
Tabl e 
Mi ddl e 
Col or 
Tabl e 
L ow er 
Pa t t e r n  
Nam e 
Tabl e 

. .  � . ' 

" 

'. 

Ol 80 0 a 
S pr i te 
g e ne r at o r  
tabl e 

.. O I CO O H  
S pt i  t e  
a t t r i bu t e  
tabl e 

O I CB O H 

0 2 0 0 0 H  

A m9-xim um  of' 8 pa g e s  may be . , a l l o ca t e d  i n  
tn e sam e manne r .

. 
( u s ing a 1

'2 8 K-by te VRP_N ) . 
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Exampl e of VRAN al l o ca t i on in G RAPH I C  3 mode 

O O O O O H  

0 0 80 0 H 

Ol O O O H  

0 1 80 0 H  

0 2 0 0 0 H  

0 2 80 0 H  

0 3 0 0 0 H  

0 3 80 0 H  

03 BO O H  
0 4 0 0 0 H  

I F F FFH 

, .  

Pattern 
Generator 
T abl e 
U pper 

Pattern 
Gener ator 
T abl e 
Mi ddl e 
P attern 
Generator 
Tabl e 
L ower 

Col or 
Tabl e 
U pper 

Col or 
Tabl e 
lvli ddl e 

Col or 
T able 
L ower 

Pa ttern 
N am e  Tabl e 

.' 

. 

I 

S pr i te .�. ' 

gener ato r  
tabl e 

S pr i  te 
col or 
t a bl e  

S pr i te 
a t tr i bute 
table 

" . 

0 1 80 0 H  

O l c o o a 

Ol EO O H  

0 l E8 0 H 

0 2 0 0 0 H  

, A m aximum of .. 8 pages may be all ocated in 
th e sam e I1lanne r (using a 1 2 8 K-by te V RMI ) . 

3 6  
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G RAPH I C  4 MO DE 

Char acterist i cs 

- B i t-mapped Graphi cs Mode 
- Screen s i z e  256 ( w) x 21 2 ( h ) dot s 

25 6 ( w) x . 192 ( h ) dots 
- Scree n  col or s  
- Spr i t e  mode . .  

�6 ppl ors out of 51 2 col or s (pe r  scre en) 
S pr  ite mode 2 

- VRAM a r ea :Pe!r screen 

Co nt r ol s  

- Graphics 
- Backgr o und ' co l or co de 

3 2K by te s 

VRMt pat te r n  name table 
L ow- or der f our bi ts of Ri7 

- Spri te s V RAM  spr i te at tribute tabl e, VRAM spri te 
pa t tern tabl e 

Ini ti al Settings 

1 . Mode and Regi ster S e t t i ngs 

l-1SB 7 .. 6 5 4 3 2 1 0 

Ri O ' d ' lDG ' lI:E� 1 lEI 1 0* 1 * 1 1 * 1 0 1 
Rf l 0 tBL 1Eo l 0 * 1 0* 0 ,I S I  I MAG I 
Ri B 1-1S li �R 'I'll 1q3 I VR 0 lSP� l sV! l t :  ..l-

Ri 9 LN I 0 81 I so I IL EO �*N�[' I DC I 
'-

* E xampl e s  of se ttings in G BA� I C 4 mode 

LSB 

Mode 

Mode 

Mo de 
Mode 

r egi ster 

reg i ster 

reg i st er ., ' ,  _ ' A  

reg i ste r  

0 

1 

2 
3 

* * I ndicate s .ne9,atiye losi c . . .  i 
I n G �;j?¥clC 4 -moile ,  .if L.N i s  se� to l ,  the sci· ee.n hei.gh t  i s  2 1 2  dot s ,  
and i f  L� i s  s�� to 0 ,  the s c r e e n  height i s  192 aots� 
All other bi ts a r e  s.e t  a cco r d� ngly . 

3 7  
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2 .  Pa t t e r n  nam e  ta bl e se tt i ng s  

- Th e pa t te r n nam e  ta bl e i s  com po se d  o f  o n e  by te ·f o r  ev ery tw o do t s  o n  
t h e  s c r e e n .  A col or ca n be a s s i gne d f or ea ch do t  f r om a se l e ct i on 
o f  1 6  co l or s o u t  of 5 1 2  c o l or s .  

�x 0 ) ' ( 1 , 0 ) 

( 0 ,  1 )  

. . . . . . . . . . . . . . . . . . . . . . . . • . . T"""'"-----r-----""I 1 ( 254 , 0 )  ( 2 5 5 , 0 ) · 

y 

( 0 , 1 91 ) 

x , y 

J ( 2 5 5 7  1 0  

( 2 5 5 , 1 91) 
"----� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' . . . . . . . . . . . . . . ....... _--_ ..... LN = 0 

~ . . . . . . . . . . . . . . . . . . : , . . . . . . . . . . . . . . . .  : . . . . . . . . . .  .&..' _( 2....;5_5..;;.,· , ....... 2·1 ..... 1-:.�....,· LN = 1  

S e t  th e b e g i nni ng ( head )  . addr e s s  ' of " the patte r n ,  natti e ' ta bl e i n  
r e g i st e r  R # 2 . 

.1 ' 

MSB 

R#2 

7 6 5 4 3 
0 1 

2 1 

1 1 

o L SB  

1 Patt e r n  name 'tabl e I AI 6 1 Al �J . 1 1 "--........ ,-"""-.... """-'---..L._.....;L_........,a._---I....;,.", ---1 ba·se a ddr e ss r e gi st e r . , : :1 

3 8  

Th e se tw o b i t s  spe c i f y  
th e pa ge t o  di spl ay 
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Pa t t e r n  nam e ta bl e 

MSB 
1 

2 

1 2 7  

1 2 8  

2 7 1 3 4 
2 7 1 3 5 

7 6 5 

( 0 ,  0 )  

( 2 ,  0 )  

( 2 5 4 ; 0 )  
I . ' 

'� 0 ,  1 )  

. 
( 2 52 , 2 1 1 )  

, ' 

( 2 5 4 , 2 1 1 )  . 

4 3 

j :  

3 .  Col or r eg i st e r se tt i n gs 

l'1SB 7 6 5 4 

Ri 7 

( 
( 

2 1 
1 ,  
3 ,  

( 2 5 5 , 

( 1 ,  
" 

0> 
.' 

0 >  

0 )  
1 )  

( 2 5 3 , 2 1 1 ) 
I ' .  

-.I 

( 2 5 5 , 2 1 1 )  . 

3 2 

o 

1 

L SB  

B a se a dd r e s s  
S e t  th e co l or code f or ea ch 
dot iIi thi s . tabl e .  

o LSB 

T ext col or/Ba�k d r op 
col or  r e gi st e r  ; 

� __ L-__ L-__ L-_ Spe ci f i e s  ba ckdrop co l o r  
Code 

'----'----"----""--------------- --... . Tgno r ed 

3 9  
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4 .  Spr i te se t t i ngs 

- S e t  th e  be g i nn i ng ( head ) addr e s s  of th e spr i te a t t r i but e ta bl e i n  
r egi st e r s  R i S  and Ri l 1 7 a nd s e t  th e J:>egi nni ng ' ( head ) . a ddr e s s . o f  th e · 
s pr i te pa t te r n  gene r a t o r  tabl e i n  r egi ��e r  Ri6 � For . .  ' de ta i l s about 
spr i te s , se e th e se ct i o n  on S PRlTE MODE 2 .  

Ri S 

Rill 
R # 6  

MBB 7 6 . . 5 4 . .  3 .. 2 1 0 ' .  . '  . I Al 4 1A13 1 A12 I All liuo  I i l l ' l  1 I 
o I 0 I 0 1 0 I 0 I 0 I Al 6 1 Al S  J 
o I 0 I A1 6 I Al S IA1 4 J A13 f1\i 2 I All l 

LSB 
Spr i te a t t r i bu te ta bl e 

ba se addr e s s r egi st e r  

S pr i te pa t t e rn gene r a t o r  
tabl e ba se a dd r e's s 
r egi st e r. 

Exampl'e of VRAM al l o ca t i o n  in G RAPH I C  4 mode 

o o o o o a  

0 2 0 0 0 H  

0 40 0 0 H  

0 6 0 0 0H 

06AO O H 

07 0 0 0 H  

0 80 0 0 H  

. 

I F F F FH I 

Patt e r n  
nam e 
tabl e 

, 1 92 + ine l;J 
'. 

21 2 l ine s 

. 

I 

.' .' 
.. :,

. 

. . . . . 

.-

-
0 7 0 0 0 8  

S pr i t;e 
. '  g e ne r at o r  
. t:� bJ,. e 

'( 2 0 4 8  
by te s )  

0 7 80 0 H  
Spr i te ' 
cQl or  
t a bl e 

( S1 2  
by te s )  

0 7 AO O H 
S pr i te 
a t t r i bute 
tabl e 

( 1 2 8  
by te s )  

0 7 A8 0 H  

0 8 0 0 0 H 

A maximum of 4 pa g e s  may be al l o ca t e d  i n  
th e sam e ma nne r ( u s i n g a 1 2 8 K-by te V RAM ) . 

4 0  

�--- .. _--_ . . . ------- -_._ . . _ - - - . .. _ - - -- _ . _ . _ --- _ . _-_ . .  _--_ .. . .  _ _  . _ -
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G RAPH IC 5 NO DE 

Ch ar acte r i sti cs 

- B i t-mapped G r aph i cs Mo de 
- Scr een siz e 51 2 ( w )  x 21 2 ( h ) do t s  

5 1 2 (w) x 1 92 ( h) do t s  
- Screen col p r s  
- Spr i te mode 

4 b.l or s out of 5 1 2 col o r s (�e{ �cr � en )  
·Spr i te mode 2 

- VRAM a r ea pe r  s c r e e n  

Co nt r ol s 

- Graphi cs , 
- Backgr oundi col or co de 

3 2K by te s 

VRAM pa t t e rn nam e ta bl e 
L ow- or de r  f ou r  bi ts of R # 7  

- Spr i te s  ' VRA�I spr i te a t t r i bute ta bl e ,  VRAl>l spr i te 
pa t te r n  ta bl e 

IniJi al Sett� h9s ' 
1 .  Mode and Regi ste r Setti ngs 

MSB '. 7 , ', 6 �S 4 3 2 '  1 0  LSB 

Rfo r �" J�' I?!�liElt 1*J 0* [ 0* I: 0 1 Mode r egi st e r  0 
Rtl \' O JBL rIEa l" 0 * [  0* 1: 0  (SI lMAGI' 
Ri B ' >\ f.1's· , ltfi> IT'i>" I'a tv'Ri [ O '  ('Sl>D't�w 'f 
Ri 9 \ LN '  ' 1. 0 1 81 Iso :J}L ' J EO ," t *NTlnc \ 

Mo de 
Mode 
Mo de 

r egi st e r  1 

r e g i st e r 2 
r eg i ste r 3 

I 

* Exampl e;;; of settipgs ini GAAPtI!C 5 . Iri@a, 
* * In.dteat'� s l'le,9a,�iY� r6gi b �, , , ; " ,  , , '" ; " 

I n  G-RA1>HI'C 'S mcide , ' if LN ' i s se t to 1 ,  th e sc r e e n '  heigh t  i s  2 1 2  do t s ,  
and if LN is se t to 0 , th e scr een h e ig h t  i s  � 92 do t s r  
Al l  other hi ts are '  set lircco r di ngly . ' 

4 1  
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2 .  Pa t t e r n  nam e ta bl e se t t i ngs 

- Th e pa t te r n  nam e  tabl e is  com po s e d  o f  o n e  by te f o r  ev ery four do t s  
on th e scr een . A co l or can b e  a s s i gne d f or ea ch dot f r o�, fl ' 
sel e ct i on of 4 col or s out of 5 1 2  col or s .  

' 

y 

'( 1 , 0 ) ,  " I · · · · · . . . . . . . . . . . . . . . . . .  " 1. (  51 0 , 0 ) ( 51 1 , 0 ) 
���----�------� 

( X ,  y ) ' I  ( Sll� �J. 

, ( 51 1 , 1 91 )  , 

' Lo-___ ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

I ( 0 , 2 1 1 ) I : ' _ _ . .  . . . _ _ t��l ;2p. ) 
, . 

.. .. .. .. .. " .• _�  .. .. " " . '. .. � .. �: ..  .o' .. .. .. r ,� .. .
. 
� ..

. 
,!' -. ,, �' .' '' . ''  .. i .. � .. ,! .,!, .: '. , ' 

�. --: � 

. " �-- .. .  - .-. 

- Set  th e be gi nning (,h,.ead) ad.'r��8" E?f: ; 1:)je,":pa��te'n: n"ime F..bi,:, '1n 
r eg i st e r  R # 2 . ' : " , ; , �� ' ' .1 " ,  ' " , ' " J , , _� " ,-

MSB 7 6 ' 5  

LN = 1  

R # 2  o I A1 6 1 Al S I  1 [ l ;-l 1 1 r i" ,t��tt'�,tp. , �a,�� �ilbJ. �i'; i ' ; : 
L-_1... ,-, ;-r:-I.--; 1... -:, T"I -' .I...--.L...--.L.--...l-J-:-"...J.,, -,-" --' , . ': �a'��I: aactp�s� , i_egist-�i ' , 

4 2  

---,,-,�----�, - ,  

, " Th ese tw·o b� t,t;; spe c�fy 
. the ' Pa ge ' to di spl ay 
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Pa t t e r n  nam e ta bl e 

MSB 

o 
1 

7 . � . 5 . .  4 · 3 
'.: ." . ... .. . . . .  ., .1'· '. , . . , I - . ... . 

( , O t . O') , � 1 ;  Q h ', 2 v,O) ( J , : ,0 ) '  
• - r  . , _ . : . ' " ' .  

, , ( 4  t ,t)  f !  :L $ , 0 ). ;{. '  6 , _ 0: 1. ( 7  � Q) 
" . 

� :. I , .' � , \ : , 

- ' : . 
.L SB _  

'. ��e addre;s:s · 
�et the . lco;L,o,r , co;Qe .f,or ea�h 

\ qet. i1?- this ta};)le. , .  
, " . t!I " .�' . •  r : " .' 

1 2 7  

1 2 8  

I 
( 50 8 , 0 )  

( 0 "  1 )  
• 

( 5 0 9 , 0 )  
, 

( 1 , 1 )  
t 

, 

( $1 0 , 0 ). ( 511 , 0) 
, '. 1 )  j ,  ( 2 ,  ( 1 )  

� 

27 13 5 t ..... · _L--...L.I---Jr......-..Ii...l ----.,l(...:... _(..I-�1_1 --I.' �_l l---lj I 
3 . Co l or r egi st er se t t i ngs 

7 6 5 4 3 2 1 
Ri 7 

4 .  Spr i te Se t ti n g s  

o 

. \  

Spe c i f  i e s  ba ckdr op co l o r 
code 
I gno r ed 

Set th e be gi nni ng ( head ) addr e ss of th e spr i te a t t r i bu t e  ta bl e i n  
r e gi st e r s  R. 5 and Ri l l ; and se t th e b� g i nn i ng ( head )  a dd r e s s o f  th e 
apr i te pattern gene r ator ta bl e i n  r e g i st e r R i 6 . Fo r de ta i l s  a bout 
spr i te s , see th e se ct i on o n  S PRITE MO DE 2 .  

Ri 5 
Ri l l  

R i 6  

MSB 7 6 5 4 3 

I Al 4 1 Al3 1 Al 2 1 All I Al a) 
I 0 I 0 [ 0 ( ° I 0 [ 

a 

2 1 0 
1 1 1 

0 I Al 6 1  A1 5 J 
L SB  
Spr i te a t t r i bu t e  tabl e 
ba se a dd r e s s r egi ste r 

Spr i te pa t t e r n  g e ne r a t o r  
ta bl e  ba se a ddr e s s  
r e g i st e r 
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5 .  Har dw ar e  til ing f un ct i o n 

- In GRAPH I C  5 mode , a hardw ar e  til i ng funct i o n  pr o ce ss e s  t h e ·  spr i te 
and ba ckgr oun d  co l or s .  Fo r th e se col or s ,  you ca n spe ci fy four bi ts ; 
how ev er , of th e se f our bi t s ,  th e h i gher- o r de r  tw o bi t s  spe cify th e ' 

col o r  co de of the ev en dot s , .  ana th e l ower� o r der two bi ts spe ci fy 
th e col o r  co de of eh e  '0dd do fs of the x-co'o r di na te ( 0  to ' S I l l .  

- In G RAPH IC 5 mode , th e siz e of One ' dot of a i spri te i s ' appr @ximately 
tw ice that of ,a gr aph i c's  ao't i how'ever , � when tR i s t i l il'lg fun eti oJll i s · 
use d ,  one do t o-f a  - spr ite may be di spl ay ed in tw o  col or s . 

- Th e  ev en and odd do t s  of th e backg r o und col or may al so be speci f i ed 
i n  th e sam e manne r . 

MSB 

b5 Even do t s  ( 0 ,  2 ,  • • •  s l O }  

. 
. 

. 

Odd do t s  ( 1 , 3 ,  • • •  5 1 ll  

Tw o gr aph i cs do t s  

A spr i te dot 

L SB  B it� :specifying sprl.te color s ( 4j  b i t;s )  

4 4  

' -- --, ---- ---,-- � --
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Exampl e of V RAN al l o ca t i on i n  G RAPH I e  5 'mode 

O O O O O H  

Pa tte r n  
nam e 

0 20 0 0 11  ta bl �  

0 40 0 0 H  

1 92 l ine s 
0 6 0 0 0 H  

, 

21 2 l �ne s 
0 6 AO OH' , 

070 0 0 H  

- '·:t 

o aO O O H  

IFFFFH 

Ii 
spt h�e 

, � " :ge-ne r ator 
I ' tabl e " . 

( 20 4 8 
by te s )  

S pr i te 
col or 
t abl e 
, (51 2" , by t:� s 

0 7  O O O H  

0 7 80 0 H  

'-" " , 0 7�O O H  " s\pr4 t� ' . , 
atbtl bu,te -, 

g i - e'abl_�-' ( ,, " ,  
( 112 8'  " 

i,� ' bty tes.)' I .'. , . ' , ' . ' 

....... -����" · !0 7 ASIO H  ' 
• • • • • • • • ,.J-______ ---.I a aO b O R  

A; maxim.um of 4 page s may be al l 'O cate'G , i n  
th e: same- m:an'nei (us i ng' a 1 2 8R-byte VAAf.1J . 

4 5  
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G RAPH I C  6 MODE 

Char act e r i st i cs 

- B i t-mapped G r aph i cs Mode 
- Scr e e n  siz e ( h ) do t s  

( h ) do t s  
- Scr e e n  co-l or s -' --

: 51 2 ( w) x 21 2 
5 1 2 ( w) x 1 92 

_:_16 coloLs_out 
. S pr i  te mode 2 

Qf� 2 col ot s (pe r
' 
scr een� 

- Spr i te mode 
- VRAM a r ea per scr een l 2 8K by te s (Two scr eens ) * To us e th i s  mode , th e VRPJII m ust hav e l 2 8 K  by te s .  

Co nt r ol s  

- Graph i cs 
- Backgr ound co l or co de 

VRAM pa t te r n  nam e. ta bl e , 
L ow- or de r  f our . .  bits of Rit7 

, 

- Spri te s 

I ni ti al Setti ngs 

VRAM spr � te ' attr i bute tabl e ,  VMM �pr i te 
pa t te r n  ta bl e 

1 .  Mo de and Regi st e r  S e t t i ngs 

NSB 7 

Rit O 0 
Rit l 0 
Rit 8 MS 
Rit 9 LN 

6 

IDG 
I EL 

ILP 

I 0 

5 4 3 2 1 Q :  ,LSB 
I E 2  I El l 1* 1 0* i* 1 "o J  l1.o de r e g i .st e r  0 
lE O 0 *  I 0 *  I 0 5,I TlI�Gll: ,Mod,e r eg i;st e r  1 
TP CB I VR I 0 SPDlBW J Moqe r eg i st e r  2 

Sl SO I I�i ' r�b' �*�NTroc nl Mode r egi,st e r  3 

* E xampl es of se t t i ngs i n  G RAPH IC 6 mode 
* * Indi cate s ne ga t i v e  l ogi c 
I n  G�J?H IG. 6 'I{lOdft , .. ��." J;.N;. is . se t· , .;to l " the s c r e e n  hei gh t  i s  2 1 2  d o t s ,  
and . ;i.f3 LN, ·1 1;1 $,� t to O , th e scI; een, heigh t is 1 92 do t s .  
Al l  oth er bi t s  a r e se t a c co r di ngty .  

4 5  
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2 .  Pa t te r n  nam e  ta bl e se t t i ngs 

- Th e pa t te r n  nam e ta bl e is compo sed of one by te for ev e ry tw o do t s  on 
t h e  s c r e e n .  A col or can b e  a s s i gn e d  f or ea ch do t f r om a sel e ct i on 
of 16 col or s out of 51 2 coi or s .  

y 

<:1. , 0 )  , , ' " " . . . . . . . . . . .  " . . . . . . . . . ' ,1 ( 51 0. ,  _ 0 )  _ ( 51 1 , 

I '  (X , y) 
( 51 1 , 

0 ) 
1 )  

( 0 , 1 91 )  - ( 'S1 1 , 1 91 ) '  
� __ ---L • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ' . '  • LN = 0 

I ( 0 , 211 ) L . . . .  . . . . . . . . .  . . . . . . . .  . . . . . .  . .  . . .  . . . . . .  . .  ..L...-( 5_1_1_,_2 _11_) ....... LN = 
1 

Set th e be ginni ng ( head�' addr e s s  o f' the pa tter n -nam e tabl e i n  
r e gist er R# 2 .  

R# 2  
MSB 7 6' ' '5  4 3 :1 1 0  LSi3 

I o l  .. o tn6: 11 , 1 I' ' I  1 ; 1 -1 - :  I 1 I Pa't tern nahe ta bl e "---"--...,...."-->rl� -. ..... . . h;.._ . ..... _ .• "--_..L.-_..L.-_..L.-_� base add r as s ... r e  g i st e r 

Spe c i f i e s  th e pa ge to d i spl ay ( I n G6 and 
G 7  mode s ,  th e po s i t i on of AI6 d i f f e r s ) . 

4 7  
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Pa t te r n  nam e ta bl e 

o 

1 

255 
2 56 

5 42Y o,;; 
5 427 1 

7 
( 0 ,  
I 
I' 

( 
..-

2 ,  

( 51 0 ,  
• i 

( 0 ,  
" , 

4 

0 )  
O �  

0 )  
• 

1 )  
• 

. .  ' . " .. . ;:" ' .  ( 5.0 8 ,2�lJ . .. ' 
i I 

( 51 0 , 21 1 )  
I . .  , " . .  

3 

3 .  001 017 r e g i st e r  se t t i ngs 

Ri7 

4 .  Spr i te se t t i ngs 

1 
( I 0 )  1 ,  

I • 
I' . 1  

( , 3 , 0 )  . JI 

( 511 : 0 )  
, 

( 1 ,  1 �  

( 50 9 , 211 ) 
• 
I ( 51 1 , 2 1 1 )  
. 

o 

I 
t 
t 

B a se add r e ss 
" 

set th e col or co Cle , for ea ch 
do t i n  th is tahl e� . 

L�.} . 
T e xt col o r / Back d r 6p 
co;l o r  r egiJ;t e r  

Speci#=-ies {:bac�drop co l.q;r 
·CQ,QQ · ·· .. ! 

I gno r �d 

- Set th e be ginni ng ( hea d )  a dd·r e s s  of th e spr i te a tt r i but e tabl e i n  
r eg i st e r s R i 5  and R i l l ; and s e t  th e be g i.Jln i ng ( hea d )  a ddr e s s o f  th e 
spr i te pa t te r n  ge ne r a t o r  ta bl e i n  r egi st e r  R i 6 . Fo r de ta i l s  a bo ut 
spr i te s , se e th e se ct i on on S PR ITE MODE 2 .  

Ri 5 
R i l l  

R i 6  

MSB 7 6 5 4 3 

I Al 4 1 Al3 1Al 2 1Al1 1 AlO I I 0 I 0 I 0 I o I 0 I 
o 

2 1 0 

1 I 1. I 1 I 
0 1ru.6 1 A1 5 1  

4 8  

LSB 

Spr i te a t t r i bu t e ' tabl e 

ba se addr e s s  r e g i st e r  

Spr i te pa t te r n  gene r a t o r  
ta bl e ba se a dd r e s s 
r eg i st e r  
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E xampl e of V RAM al l oca tion in G RAPH I C  6 mo de 

O O O O O H  

0 40 0 0 H  

0 80 0 0 H  

oeO O O H  

OD 40 0 H  

O F O O O H  
100 0 0 H  

IFF FFH 

I 

Pa ttern 
Name 
T abl e 

- , 

1 92 l ine 
21 2 l ine 

. .  ; 

c l-

. 

" 

I 

. S pr i te' 
gene r ator 
tabl e  

(20 4 8  . by te s )  

. .  

spr:i"te a't ti+.i:,�yt� 
tabl � 

: < l2 8 : .  ; _ t... b� te s )  

O F O O O H  

O F 80 0 H  

Ol)'k\QlO H 

'OFR6'O H 
1 0 0 0 0 H  

A maximum of 2 pa ge s  m ay  be al l oca t e d  i n  
th e sam e manne r ( us ing a l 2 8 K-by te V RMO . 

4 9  
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G RAPH I C  7 MO DE 

Ch ar acte r i st i cs 

- B i t- mappe d G raph i cs Mode 
- S c r e e n  s i z e 

- Screen col or s 
- Spr i te mode 
- VRAM a r ea per s c r e e n  

2 5 6  ( w) x 21 2 ( h ) do t s  
2 5 6 ( w) x 1 92 ( h ) do t s  
2 5,6  col or s ( pe r  scr e e n )  
S pr i  t e  mode 2 l2 8K by te s ( Tw o  s cr e e ns ) 

* To us e th i s  mode , the VRAN m us t  have l 2 8K by te s .  

Co nt r ol s  

- Graphi cs V RAr.l pa t te r n nam e ta bl e  
- Backg r o un d  col or co de 
- Spri te s 

L ow- or der f o u r  bi t s  of R�7 
V�l spr tt� �t tr i bu t e  tabl e ,  VRAM spr i te 
patte r n  ta bl e 

Ini tj, al Set t i ngs 

1 .  Mo de and Regi st e r  S et t i ngs 

HSB 7 6 5 4 3 2 1 o LSB 
R* O 
R* l 
R* 8 
R* 9 

0 
0 

MS 

LN 

IDG I IE2 1, l EI I: 1* I 1 * ( 1  * 1, (l ,l I BL lEO I. 0 * I 0 *  1,0, " f S l , fAAG:l 1 L P  TP I CB IVR I 0 I �I>A [�:� J I 0 Sl I so I lL l EO ��NT I Dc l 
. * Exampl es of se t t i ngs i n  G AAl?�l,C 7 {IlOge 
* * I n di ca te s  ne gativ e l ogi c 

Moqe 

M.o.c:Ie 
Mode 

l<lode 

regj, st e r  0 

regj, ster  1 
r e g i st e r  2 
r eg� ste r  3 

In G RAPH I C  7 mode , if  LN i s  se t to 1 ,  th e scr e e n  he i gh t is 2 1 2  do tf3 " 
and i f  LN is se t to 0 ,  th e s�r ee n  h e i gh t i s  1 92 do t s. 
Al l  ot,h e r  bi t s  a r e se t a c co r

'
di ngly . . " ,  

5 0  
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2 .  Pa t t e r n  nam e ta bl e se tt i ngs 

- Th e pa t te r n nam e ta bl e is com po s e d  of on e by t e  f or ev ery d o t  o n  t h e  
s c r e e n .  A col or ca n be ass igne d f or ea ch do t f r om a '  se l e ct i on o f  
2 5 6 col o r s .  

. .  ' (
0 , -.�-)�' ; �(�' i"": ,-0-) -... · : · · · . �  . . . . . . . . . . . . . . . . l< 25 4 , 0 ) ( 255 , 0 ) �" X 

-��--� �--------�------� 
( 0 , . 1 )  .' i ( 25 5 " ' . .  I I  

Y (X, , }:" ) 

<0 , 1 91 )  ( 2 5 5 , 1 91 >  
L-_____ .-;&.' • • • •  " • • • • • • • • • • • • •  I. • • •  :.

" ; . ' . : • � • • : • • � • • • • • ; '
. ' " " " ,- -' " . 

I ( 0 , 2ll ) I . . . . . . . . . .  . . . . .  . . . . . . . . . . . . .  . . .. . . .  . .  . . . . . .L.-( 2_5_5_', _iI_I ....
. 
)...l 

'J ' 

. " 'LN = (} 

LN = 1 

Set th e be g i nn i n g  ( head ) 
r egi st e r  R i 2 ,.,  

addr ess of the patfe rn  nam e tabl e i n  
_ .  � - , . - , . .  , �  

-.1 ' . " 
' ''- .! 

MSB 1 '  6 S ' 4  � 2 1 0 t SB  

: ( 

" fL_O_'_" " .... f _0_' '_' ..... fAl_· . ·..-C .... ·· ·""":
.
't...' 1_' __ 1L..:·l_'· _ . .  ..&.1_1_2_, ..J.1_·_l-1I: __ i---J1 �: ;;e ��d�:�: �:�� :t e r 

Spe c � f  i e s  the pa ge to di spl ay ;  i n  th e G 6  
and G 7  mode s only , the l o ca t l ori df th e Al� 
, B �t  9i f f �r � . 

, .j 

<:: 1 ... '-' .. 
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Pa t t e r n  nam e  ta bl e 

MSB 7 6 5 4 3 
0 I I I : : : : : 1 1 

I G�E EN : : RED : 
I 2 55 I I I :5: :  : :1 256 
I 5 4'21'0 I I I ( t, : 211 : 542 7 1 2 5 5 , 2 1 1 )  

3 .  Co l or r egi st e r  sett i ngs 

MSB 7 6 5 4 

R# 7 

4 .  Spr i te , se ttings · 

2 1 o 

I I I 
I I I 
I I I 

3 2 1 0  

L SB 

B ase a dd r e s s  

S et th e col o r  co de f or ea ch 
dot i n this t.abl.e . 

LS]? 
T e x t  col o r / Back d r op 
col o l;'  register 

S�<;if ies  ba c kd r op col o r 
co de _ 

S e t  th e be gi nn i ng ( head) a dd r e s s  of th e spr i te a tt r i bu t e  tabl e i n  
r eg i st e r s  R # 5  and R i l l ; a nd s e t  th e beginning ( head ) a dd r e s s o f  th e 
spr i te pa tt e r n  gener ator ta bl e i n  r egi st e r  R # 6 . Fo r de ta i l s a bo u t  
spr i te s ,  s e e  th e se ct i o n  on S PR IT E  MODE 2 .  

MSB 7 6 5 4 3 

R# 5 IAl 4 lAl3 1Al 2 1 All iAl O I 
R # l l  I 0 I 0 I 0 I 0 I 0 I 

. R#6  o 

2 1 0 

1 1 1 

0 IAl 6 1 Al 5 1  
L SB  

Spr i te a t t r i b u t e  ta bl e 

ba se a dd r e ss r egi ste r 

Spr i te pa t te r n  gene r a t o r  
ta bl e ba se addr e s s 
r eg i s t e r  



'. 

4 
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Exampl e of VRAM al l o ca t i o n  in G RAPH IC 7 mode 

O OO O O H  

0 4 0 0 0 H  

0 80 0 0 H  '. 

OC O O €l H  
i 

OD 4 0 €l R ' 

. Patte r n  . 
, . Nam e 

Tabl e 

.' 

1 92 line · 
21 2 l irte L • 

I 
I � 

. } i 
. "  

-._! -

OF OO'OH 

l O O O O B  

l FFFFH 

._--_ . .  _--

. i 

j. , �, I ;  \ :, .  
" 

" �-.. ,. 

. .  
. 

I 

-. ---- ---

.� B pI' i tc�\ 

,i , ;gene r at0.r < :  ,ta lJll e . 

, , 
( 20 4 8  . . .. �y te Sc) 

t 

.s pi i te 
• ., . . . cof or talPl e 

( $1 2  �yte s 
s pr i te . . a ttt"ci btl t-e' : 
tabl e 

. [ iU2.8 
; ' I '" klyte s )  . ,  

O F OOOH 

OF 80 0 H  

O FAO O H  

tl FA80B 
l O O O O R  

A ma:ximwn of 2 pa ge.s m_y be all o'cca ted i n  
th e same  manne r · (u s i ng a 1 2  8I<+by te' VMM).'. 



CO Mt·1ANDS 

1 .  Ty pe s  of Comm ands 

It i s  v ery ea sy to us e MSX-V;mEO comm ands to pe r f orm f un ct i ons such as 
L IN E  and PS ET f or us e w i th g r aph i cs ,  and f or tr ansf er r i ng pa r 'i s  of th e 
s c r e e n .  

Summ ary of Commands 

Command Nam e De st i nJl t i o n  Sour ce Late 
H i gh- speed V RAM CPU Byte mov e V RAM V RAM Byte 

VRAM V RAM Byt-e 
VRAM VDP Byte 

Logi cal mov e VRAM CPU DQt ·. · 
CPU V RAlvl Dot 
VRAM VRAlvI , Dot , 

VRAM VDP Dot , 
.'< ! t L i ne VRAf.'1 VD]il: ' • t>G>t.· 

Sea r ch V RAM VDP l Dot , . 
Pse t  V RAM VDP ! Dot , , Po int VPP V RAM Dot 
Inv al i d  " ., " 
I nv al i d  , 

, Inv al id . , , 

Stop : 

Mnemoni c 

HMMC 
YMMM BMMM Bt' 

. •  L · c  
L�Clv1 
LMMM LIJMV 

. .  I. ;tNE : �s.rn 
PSET' PQINT 

, 

eM3 

;r 1 
1 i 1 1 1  ' 1  

1 1  
1 

; 0.  
0. 
0. 
0. 
0. 
0. 
0. 

: 0. 

CM2 
1 
1 
1 
1 
0. 

I ·  0 " ; 0 : , .  . 
0. 
1 
1 
1 
1 
0. 
0. 
0. 
0. 

CMl , CMo. 
1 i 1 
1 0. , 
0. ! 1 
0. 1 0. 

: { . 1  1 . i  : O .  i 

Al 1 
Q, 0. 
1 I 
1 0. 
0. 1 
0. 0. 
1 1 
1 .  0. 
0. 1 , 

0. i 0. 

- Commands a re e xe cuted i n  th e Msx-viDEO ;l>J wri �in9 the da ta i ntb R # 46 
( th e  Command Regi st e r  , her eaf te r a�bre.i •. ted ¢MRl , :find se tti ng'  bi  t 0. 
of sta t us regi ste r  S # 2 (CE /Comma.ftd � ·Ex·e-eut e } to 1'. Bef o·r·e· th is : can , 
be done , th e ne ce s sa ry · pa r amet� r s  mus t be f i r st hav e bee n  se t i n  
r e g i st e r s  R # 3 2  t o  R # 45 . 

- When th e comm and e xe cu t i on i s  com pl ete , CE i s  se t to 0. .  
- To abor t a comm and w hil e i t  i s  . be i ng e xe cute d ,  exe cute a S TO P .  
- Th e r esul ts . of· comma:nd exce Cllt i o n . a r e  only gua r ante e d  du r i ng bi t map 

mode «;\ta'ph4 to G raph7 J . , . 
' ,. 

- - - --- - ---- ---- ---



V9 9 3 8  MS X-VI DEO U S ER ' S MANUAL 

2 .  Pa ge Co nce pt 

The pa r am et e r s  use d :  f or th e MSX,..;..VIDE'O are'" ,al l '  · x":'y ' <  co o rd i' na te s �  '� I n  
o the r · w� r ds , the ; i nt e r nal ' command pr- o ce s s o r  of . the  MSX"",VlDEO : acce s s e s  
th e  ent i't e . V:R:AM a rea a s , x-y coo r (l i na ,t e s  (jf " th e di spl ay : mode . - . .  , - ' . . i �'./ !' - , , ;. ;  " . " j : 

When a scr ee n i s  to be di spl ay ed , 2 1 2 l i ne s of th e sam e pa ge a r e  
di spl ay ed ( sel e c t e d  by Ri 23 ) . To sel ect th e pa ge to be di spl ay ed ,  -us e 
Ri 2 .  

When a command i s  bei ng e xe cu t ed ,  th e co ntent s  o f  the di spl ay s c r e e n  
a r e  i gfi.or e� • . ' 

The di$pl ay mQ�es ' and thei r 're'l at i ons'h ips to the co-ordinate s ' ar e i show n 
i n  th e, tabl e, be1:OW i ,; . 

. ,( 0 , 0)) 
· ( 0 , 2�5 g) 

( 0  , 2�5 6 )  
• ( O , Slll , ! 

· ( 0 , 5:1 2,� 
· ( 0 , 1'61' ) 

( 0 , 7 6 8) 

( 0 , 1 0 23 )  

GRAPH 

( 0 , 0 )  

( 0 , 2 5 5 ) 

( 0 , 2 56 )  

( 0 , 5 1 1 ) 

(. ( 255 , 0 )  
Pa ge 0 I 

, ( i25 � # 2 5 5 )  
r . 

, , .. i 
i ( � 5 5  , 2 5 6 ) 

•. Page l i · · ··' · , 
'. 

, . , "  ; (�55 , 5 11 )  

7 

, , \ ' .  
I : (25� , 5 1 2 ) 

� g.e � '. ' 
. , ( 2"55 , 7" 6 " ) 

( 2 5 5 , 7 6 8 ) 
Page 3 

. 

( 2 5 5 , 1 0 2 3 ) 

( 2 5 5 , 0 )  
Page 0 

( 2 5 5 , 2 5 5 )  

( 25 5  , 2 5 6 )  . Page 1 
( 2 5 5 , 5 1 1 )  

Addr e s s  
O O O O O H  

t 
,0,,000-0 H - J .I · · · '·IJ, ' ; ' 

�� �' .. ( . ' , 

1'"' : '  ' h , . ' : 

1 0 0 0 0 H  

L - �  
1 80 0 0 H  

I 
1 FFFFH 

O O O O O H  

I 
1 0 0 0 0 H  

I 
1 FF FFH 

5 5  

( 0 , 0 ) 

U;) , 255)' · , . I " . .... . .. � � -'  •• ' 

; .", '. 

( 51 1 , 0 )  
Page 0 

t - . ,  ' {  511 , 2 55J • .  
... � 

. Page: ' li t . . ( I  . '  

Hl , 5 1 1}); . . ,( 511 , 511) i 

( 0 , 5 1 2 )  
( &, 7 67 )  

( 51 1 , S 1 2 ) , 
Pa ge 2 

,( 51 h.-' 67 ) . 

; r ... · • · ,�. ' . :>" , 

Hl,7 6 8) ' : ;  , " ' . •. -< 51 l.'-t  7-6 8Y 
e �a!ge 31 � . 

( 0 , 1 0 2 3 ) ( 51 1 , 1 02 3 ) 

GRAPH 6 

( 0 , 0 )  ( 51 1 , 0 )  
Page 0 

( 0 , 2 5 5 )  ( 51 1 ; 2 55 )  

( 0 , 2 5 6 )  ( SI I , 2 5 6 ) 
Pa g e  1 

( 0 , 5 1 1 ) ( 51 1 , 5 1 1 )  
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3 .  Logi cal Ope r a t i o n s  

W hen th e L IN E , PS ET, a n d  LOG ICAL KlV E comm ands a r e  e xe c u t e d : on the 
MS X-V IDEO, the ope r a tions may be pe r f o rm ed on th e col or on th e f,lcr een. 
To do l og i cal ope.rations on the MSX-VIDEO , wri te the low er f our bi t s  
o f  Ri 46 ( Command r egi s t e r )  s imul ta ne o usly when you s pe ci fy th e com
mand . 

Summary of L ogi cal Ope r a t i o n s  

Nam e Oper ati o n 
HlP DC= SC 
AND DC= SC*DC 
OR DC= SC+DC 
EOR DC= SC*DC+SC'*DC 
NOT DC= SC 
- - _. 

- - - . 
, 

- - �  , . TIMP . if ,  Sc=o th en DC=DC el se 
TANU i f  SCaO theft J:)G=DC el se TOR. , .  i f  Sc= o  th en DC=DC el se 
TE(f)R i f  SC", O  th eft DC=DC eH>e 
TNO'1' i f  Sc= o th e n  DC*DC el �e 
- - � , .. 

- - ..... i 

- - -

'.-. '. 

* SC c> So U"f oe Col or co de ; 

* DC ·:: De st i na ti o n  Col or  code * EOR � Excl us iv e  OR 
\. ' ' .  

S 6  

DC=. 5C 
DC= S€;*lDC DC= S{,:+OC . 
DC= SC*DC+ SC*DC DC=SC . 

, 

\ 

L 03 L 02 L OI LOO 
" .J ' . 

0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 0 
0 " , 1 0 1 
0 1 1 0 
0 .1 1 1 

. J.  0 0 0 
,. ·1 0 I 0 1 . . ···· 1 0 I pJ . ,  

1 I .Q 1 1 
" .1 , 1 0 0:;-· '- 1 · 1  0, 1 - >". 

' .  1 1 I 0: 
1 1 , 1 1 

1 
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4 .  E xpl ana t i o n s  o f  Comm ahds 

4 . 1 HMMC ( Hi gh- speed m ov e  CPU to V'MN) 
Th e H MMC command tr ansf er s  da ta fr om the CPU to th e V ide o o r  e xpa n s i on 
RAM i n  a specif i ed r e ct a ngu l a r  a( ea (i n x-y coo r d i na te s> v i a  th e MS X
V I DEO . 

S i nce th e da ta to ' be t·r ansf er r e.d i s  do�e . in uni t s  of ' one by te , th er e 
i s a l im i ta t i on ,  acco r di ng t o  the di sWl ay tnode , on th e val ue f o r  x .  

V ide o o r  Expa n s i o n  RA�i 

NX 

4 . 1 . 1  HMMC E x e cu t i o n  O r de r 
1 .  Fi r st , . ,se t  th e ne:ce � s a ry pa r ame t,ecr s i n  th e comm and r e g i st e r  of 

th e Msk-VIDEO. ' 
l>1XD : S el ect de �t ina t !4� me1?9FY 

o : V i de o  RAl-1 " 
1 :  E xpansi on RAl-I' 

DX : · � Gl:Si c x:-cQocdi na t� :pf de,.sti:n�t i on { .()  to 5 1 1 ) * 1 
DY : Ba'si c y-too r di na t.e of de st i na t i on ( 0  to 1 0 2 3 ) 
NX : DClt, S to :J11oV e in � .... rll c e ct i €>f.l <-0 t·o, 51 1 )  1* 1 
NY : Do t s  to mov e i n ¥';'di,r.ect ion ( 0  to 11023 ) 

! 
* 1 Not e th at i n  the G 4  and G6 mode s, ,the low e r  one b i  t ,  and i n  

t h e  G 5  mode , th e l ow e r tw o bi t s �  a [;� l os t . 

DI X :  D i r e ct i on for NX f r om x-coo r d i na t e  of de st i na t i o n 
0 :  R i gh t  
1 :  L ef t  .. . . . . ;;. . - , ' "-' 

DI Y : . P:il: e t:t i o n f or N¥ f rom y- c,oo r di l'ia te of de s t i na·t i o n  
0 :' Dow n 
:1 : Up 

CL R (R# 44 : Col or r e'gi st e-r ) : 
F i r st by te of da t a  to be t r a nsf e r r ed 

2 .  Af te r  y o u  s pe c i fy th e a bo v e da ta , exe c u t e th e comm and by w r i t

ing 1 1 1 1 0 0 0 0 B i nt o  t h e CMR ( R # 4 6 : Comm a n d  r e g i s t e r ) .  

3 .  Wh i l e  ch e c k i ng TR a n d  CE i n  S ta t u s R e g i s t e r S # 2 , s e n d  t h e  
se co n d by te a n d  a l l by te s f o l l ow i n g  i n t o  t h e  CL R r e g i s t e r .  
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4 . 1 . 2 Set t i n g  up th e H MMC r e g i st e r  

R# 3 6 

R137 -

R # 3 8 

R# 3 9  

MSB 7 

DX 7 

' 0  

DY 7 

0' 

6 5-

DX6 DX 5 

-0 : - () 

DY 6 DY5 " 
' 0  '0 ' 

4 3 2 

D X 4  DX3 DX2 

0 0 0 

DY4 DY 3 DY2 

.() '0 o· 

1 

nil 
0 . 

DY1 

- D¥,St. 

R#40 
Ri 41 

NX7 NX6 NX5 NX 4 NX3 NX2 '  NX1" 

0 0 0 0 0 0 0 

o 

DX-O 
DX 8 - . .  

DY O 
DY'S 

"NXO' 

NX 8 - , 

RI 42 
R #.43 

, - '- I c -
, .  

�Y7 NY6 � 'NY5 NY4 NY3 NY2 ' NY1  !ttll 
o o o NY9 NY8 

R# 4 4  

, - X=2 N - X=2 N+l 

R# 45 

LSB 

, DX_ . }. . .. . . . Ei�nation 
DY "  . - - , - ' -

NX Number of do� s" 
to t r  ansf �r , 

--- -x-di-r ecti on 
� .  ' " i 

NY - NUIhber -pf dot s  
to t r  ansfer"  -
y- d i r e ct i on 

CLR ( G4 ,  G6 )  

ARG 

�""""'-+-:' Da ta to 
t r ansf er 

Ar g;um ent 
regist e r  

L.-___ Data tr ansf er di r e ct i on ( x )  
L.-__________ Da ta tr a nsf er di r e ct i on ( y) 

'------------........ Data desbinat'ion -
se 1 'ect 

! " , '  ) ', 

5 8  
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4 . 1 . 3  Exe c u t i o n of HMMC comm ands 

MSB 7 6 5 4 3 2 1 0 L SB  

R# 46 1 1 1 1 J " - I - 1 - I - I CMR 

4 . 1 . 4  Fl ow ch a r1 of R·MI-tC e xecut i o n  

Rea d S ta t us Regi ste% 1 2  

"::>--..... ye s ( CE= O ) 

No (TR= O )  

Data Tr ansm i t  

5 9  

,- -� �-�--- --�-�-- ---.-- ------- - ---��----- - -- - --�-- ----- -------.------�---
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4 . 2 YMMM ( H i gh- spe ed m ov e  V �l to VRAM, y only ) 
.. 

Th e YMMM comm and t r ansf er s da ta f r om th e a r ea spe c i f i ed by DX , "" S Y ,  NY , 
D I X ,  D I Y  a nd th e r i gh t  ( o r  l ef t )  e dge of th e V ide o RAt-I, i n  the y
d i r e ct i on de t e rm i ne d  by DY . 

V i de o  o r  Expa nsi on RAM 

( DX ,  DY ) I 
I 

( DX ,  SY ) I NY 
� D I X  

". 

� .  DIY 

4 . 2 . 1  YMMM E xe cut i o n O r de r 

1 .  Fi r st ,  se t th e ne ce� sa ry par fl:rnete r s iil the command r e g i st e r  of 
th e MSX-VIDEO . 
MXD : S el ect de st i na t i on memory 

0 : V ideo  RAMi 
" ' , ' 1 : _ ,  E X.2fl. nsi o�J<AM 

DY : B a si c  y- co o r cUna te of de stina t i on .,(0 
DX : B a si c x-coo r di na te of so ur ce po i o_t ( 0  
SX : B asi c y� co,o r d i na te of so ur ce po i nt ( 0  

to 
t o  
to 

NY : Do t s  to mov e i n  y- d i r e ct i on ( 0  to 1 0 2 3 ) 

1 023 ) 
5 1 1 ) * 1  
1 0 2 3 ) 

* 1  Not e th a t  i n  th e G4 and G 6  mode s , th e l ow e r  one hi t ,  a n d  i n  
the G 5  mode , th e l ow er tw o b i t s ,  ar e l os t . 

DIX : D i r e ct i o n f o r  x-coo r di na te of so ur ce po i nt t o  th e r i gh t  
o r  l ef t  end o f  scr een 
0 :  R i gh t  
1 : L e f t  

DI Y :  D i r e ct i o n  o f  so ur ce po i nt f r om NY 
0 :  Dow n 
1 : U p  

2 .  Af te r  y o u  s pe c i fy th e a bqv e da ta , e xe cute th e command by 
w r i t i ng 1 1 1 1 0 0 0 0 B i nt o th e CMR ( R * 46 : Comm and r e g i st e r ) .  

3 .  Th e  a bov e pr o ce du r e  w i l l  e xe c u t e  th e  YMMM comm and i n  t h e  MS X
V I DEO . Whi l e  e xe cut i n g  the YMMM comm and, th e CE b i t of th e 
sta t us r e g i st e r  ( S # 2 )  w il l  be se t to 1 ;  a nd w hen th e comm and i s  
compl e t e , i t  w il l be r e se t to O .  

E O  
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4 . 2 . 2 Sett i n g  up t h e  YMMM r e g i st e r  

MSB 

Rt 3 .• 
R t 3 5 

RI 3 6  
R I 37 

Rt3 8  
Ri 3 9  

R#42 
Rt43 

R I 4 5  

7 6 }i: 4 3 2 I Q 'r;�. � .. � 

SY7 SY.6 SY5 SX4 . . S�� ; 
.
:SY2 gYl . SYQ ' . '  

.. . SY }-
, o '  () · : () ' r'i e a tr  SY9 SYB . . " < " " . 

DX7 
0 

DY7 
0 

o 

DX6 DX 5 

0 0 

DY6 pY 5 
l -

0 '. 0 

0 : 0 

. , DX 4 
,- �. 

0 

DY4 

0 

I'\ t. , 

DX) 
() 

DY3 
0 

o 0 

., 
DX2 

0 

� � �o 

" . .  

DY 2 

iJXl 
0 

.DY l : 

0 ' D1'9( 

DXO 
D X 8  

J>X O 
DY8 

o ' NY9 Ny8 

D X  

DY' 

NY 

' , " 

, 
.
.
. 

�

�

:�

�

� 

t r a n sf e r  

Dest ina tion 
t r ansfer po i nt

' 

Numbe r of tlot s  
t o  t r  ansf er , 

. Y"'9�! �ct ;i oh  
ARG - Ar gum e nt r e gi s t e r  

: . •  "" .
, - ( � . '  '1 : ! ; . .,'1- ".. . '  ; . : '; ,

" ' "
, :

' 
I Data tJtansf er <U r e ct i on ( x )  

....... ;:-:-" -, : -: ;-. .  �--. . . .  Dq ta . tl"an.�fer : . 4i rect ipp: ( y l , 
Data de st'l�tl;Qn ,�e:l ect 

.� " _ .  _ � . '  ._', J '  ,.. , : j " . 

4 . 2 . 3  Exe cuti on of YMMM Commands ! . , r 

MSB 7 6 5 4 3 
RI 46 1 1 1 o 

( ' , - j  

2 1 

1 

6 1  

I - I  

. \  .. 

. - .' 

. !' :  " 

. , " '� 

, ; . .  -
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4 . 3 HMHH ( H i gh- s pe e d  �ov e  VRAH t o  V RAN )  

Th e H MHH comm and tr ansf e r s da ta i n  a spe c i f i ed r e ct a ngul a r  a r ea f r om 
th e V RAM or th e e xpa n s i o n  RAr;1 to th e V RAM or th e e xpa n s i on RAM . 

S i nce th e da ta to be tr ansf e r re d  i:s done in uni ts o£ one by t e ,  th e r e 
i s a l im i ta ti o n ,  a cco r d i ng to th e . di.spi ay mode , on th e val,ue for x .  

Video o r  Expa.nsion �AM 

( SX,  SY) 

I 
NY 

DI Y 

NX 

4 . 3 . 1  HMMH E xe cut ion Or de r  

. � D I X  

1 .  Fl. r s't , se.t tp e ne ce s,sa ry pa r am Ei! t e):" s i n  th e command r e g i st e r  of 
the MSx-vlm:o. 
HXS : S el e ct so ur ce memory 

0 :  V i de o RAM 
1 :  E xpa ns i o n , RAM 

MXD : S el ect de st i na tion memory 
0 :  V i de o RAM 
1 :  E xpa n s i on RAM 

, . 

S X : S o ur ce po i nt x-co o r d i na te ( 0  to 5 1 1 ) * 1 
SY : S o u r ce po i nt y- c o o r d i na te ( 0  to 1 0 2 3 ) 

NX : Dot s t o  mov e  i n  x-d i r e ct i on ( 0  t o  
NY : Do t s  to mov e in y- d i r e ct i on ( 0  to 

D I X :  D i r e ct i o n f or NX f r om so ur ce po i nt 
0 :  R i gh t  
1 :  L ef t  

DI Y :  D i r e ct i on for NY f r om so ur ce po i nt 
0 : Dow n 
1 :  U p  

5 1 1 ) 
1 0 2 3  ) 

* 1 

DX : B a s i c x-coo r d i na te of de st i na t i on ( 0  to 5 1 1 ) * 1  
DY : B a s i c y- coo r d i na te of de st i na t i on ( 0  to 1 0 2 3 ) 

* 1 No t e  th a t  i n  th e G 4  and G 6  mo de s , th e l ow e r  one bi t ,  a n d  i n  
th e G5 mode , th e l ow e r  tw o bi t s  o f  SX , DX , and N X ,  a r e  l os t . 

2 .  Af te r y o u  spe c i f y th e a bov e da t a , e xe cu t e  th e comm and by w r i  t
i ng 1 1 0 1 0 0 0 0 B int o t h e CMR ( R I 46 : Comm and regi s t e r ) . 

r ..., 
O L.  
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3 . Th e abcv e pr c ce du r e  w il l  e xe cute th e HMMM ccmmand i n  . the MS X
VIDEO. \,-lhil e exe cut i ng the HMMM comm and , th e CE bj, t cf th e 
sta tus r e g i st e r  ( S # 2 )  wil l be se t to. I ,  and w hen the comm and i s  
ccmpl ete , i t  w il l  b e  reset to. o .  

4 . 3 . 2  Se t t i ng up the HMMM r e g i st.e r 

R#3 2  

R # 3 3  

R # 3 4  
R # 3 S  

R# 3 6  
R# 37 

R# 3 8  
R# 3 9  

MSB 7 

SX7 

0 

SY7 
0 

DX7 
0 

DY7 
0 

6 S 

SX6 SXS 
0 0 

i t- " ,,' )'" r , ." � 

, SY6 SYS 
0 0 

DX6 DX5 
0 0 
' 1 .; 

DY 6 DYS 
0 0 

4 3 

SX4 SX3 

0 i 0 

�. - ,  

SY4 i SY3 
0 0 

DX 4 DX3 

0 0 
. ,  

DY4 DY3 
0 0 

2 

SX2 
0 

, " ' " 
SY2 

0 

DX 2 
0 

DY 2 

0 

1. o 

SXI SXO 
0 SX 8 

SYI SYO 

SY9 Sy8 

DXI DXO 
0 DX 8 

.... or - , - - , .  

DYIJDY O DY9 1D�$ 
I . 

LSB 

SX } 
SY 

}.>,I 
D¥ 

DX 

Bas i  c tr ansf e r  
pc i nt 

'-. / '  

De $t.inatiqn tJ;�tlsf �H;; po i nt 

Rt 40 NX7 NX6 NX� NX 4 NX3 NX2 I NXl , ! NX O  .' 
NX , ·N'mnbe r ,  cf do. t s. . • 

, 't6 ti- ah�f er , . '  R # 41 o 0 0 0 'n 0 '. o j  ' �X�( ; 
-

R# 42 NY? NY6 NYS NY4 NY3 NY2 
(' ," 

R f 43 0 0 0 0 0 0 

R# 45 

4 . 3 . 3 , ' ., Exe cut i ng, th e H MM11. ccmm and 

MSB 7 6 S 4 3 2 

R� 46 " 1 1 I b I 1 

6 3  

NYl NYO 
NY9 NYB 

I 0 

I 

NY 

. .  

x-:-o i rect i,on 

N�b'�r cf ' dc t s  
to. tr�hsfer "  y-a1. rect ;i. on 

Da ta ' tr ars-fier dLref:ti on , ( x )  
Data transf er pirect, ;i..,on ( y) 
Scur ce memo ry sel ect ' 
De stina t ;i.o,n , meJ!1cry select 

'if .. i 
' , ' , 

LSB 

I CMR 
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4 . 4  HMMV ( Hi gh- s pe e d  m ov e  VDP t o  V RAM )  

Th e HMMV comm and i s  ' ,use d, lto pa i nt i n  a spe c i f i ed rect a ngul ar 'arc ea of 
th e V RAM or th e expa n s i on RAM . 

' 

S i nce th e da ta to be tr an sf er red i s  do ne i n  un i ts of one by te , there 
'i s a l im i ta t i on ,  acco r d i ng t o  th e d i spl ay mode , on the val ue for x .  

Video or Expansi on RAM'  

( DX , DY ) 

, NX 

, D I Y  

i '  

M5X
�'---'-"";";"-"";";�""--'-""""""""f-""""�' . V IDEO ·, ; . 

\-' - ' 

4 . 4 . 1 HMMV Exe cu t i on O ide r 

1 .  

; 1 

Fi r st ;  ' . $ e t ' th e ne ce s s a ry pa r ameter s ' in t.he command- - regi ster of 
th e ' MSX"'-V!DEO . 

MXD : 

I ,  

S el e ct de st i fia tion ; mem�ry j " "  
0 :  V i de o RAM 

" "  

1 :  E xpa ns i on RAM . ' - - "- " 

, " 
l ' , i , :  

NX : , DQt s , t9 mov e 1.1) x-dl rectlbfl (6 . to 5 1 1 )  , * 1 
NY : " ' DQt� ' t'Q ' ;move i n : y- �J � � cf� on' ( O' :  to l023 r:- -

> ) '  , " . • •  ' ; - ' . " 

D I X : Di r�cti6n 
0 :  Ri gh t  
1 :  L ef t  

DIY : ' D i i: e ct� �h 
0 :  Down 
1 :  ' U p  , 

f o r  

for 

NX f rom 

NY f iro;m 

; - . . . -po int so ur ce ' . " , 
., 

s,0 1J,r �e pO i nt 

DX : 
, DY :  

B a s i c x-co o r dirta te of de stination H) t,o , 5 1;1 )  * 1  
Basi c y- coo r di na t e of destina'tib:h ( -O tO T02 3 ) 

; ;' 1 

. -, "; 

* 1 Not e tn a t :  in t!b e' G4 and G 6  mode s , th e l ow er one bi t ,  and i n  
<th,e G.5: mode , -the I Ow e r fWo bi"fs o f  DX and N X ,  a r e  l o s t . 

• " '. - ' : .  -. j - � , ' . 1  _ ; . ' . . . 
CL R :  Co16r cod� data , , '  

2 .  Af te r  y o u spe c i f y  th e a bov e data , exe cu t e  th e' command ' by' , wd t..;;. i ng 1 1 0 0 0 0 0 0 into th e CMR . 

3 .  Th e abov e pr o ce du r e  "{ il l  e xecut e th e H M}.1V  cotmriarid i n ' th e MS X
VIDEO . Whi l e  e xe cut i ng th e H MMV commdnd , ' th e CE hi t of th e 
st a t us r e g i st e r  ( S # 2 )  w il l be se t ' t o  f', a nd w hen th e command i s  
com pl e t e , i t  w il l be 'r e s e t  to o .  

6 4  

� : I 
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4 . 4 . 2 Setting up the H MMV reg i ste r 
MSB 7 6 5 2 1  

R# 36 

Ri37 . 

R i 3 8 
R i 3 9 

R#40 
Ri41 

DX7 

0 

BY 7 
0 

.. 'NX'7 
0 

· NY7 · 

DX6 

0 

DY6 
0 

NX6 
0 -

NY6 

DX 5 D X 4  

0 0 

DY S DY4 

0 0 

NXS Nx4 : 
(;) . 0 . . . . .  - -

NY!') ' NY4 

DX3 DX2 DX1 

( f  0 ·0  

DY 3 D12 DY1 
0 0 DY9 

NX3 NX2 NX1 . 
0 (j) 0 .. - . .  

NY3 NY2 NY1 

o LSB 

DX O 

DX B 

DY O 
DY8 

NX O 
. NX8 

NY O 

DX } 
.

.

• • •• .•. • •• . ��:�����O�int 
DY · 

. . . • . .. .. 

NX Numbe r . of do ts 
to tr ansf er , . 
x-d i r ect i on .. 

NY - Numbe r of do t s  R # 4 2  

R # 43 o o o o o o - . •  NY9 NY�f · to . tr ari.sf er , 
y- di r ect i on 

Ri 4 4  CL R ( G4 " G6 ) 

X=2 N X=2 N+1 ( N= O  , 1 , . .  � 121 ) 
eLf{ « ;5 > --4 nata to 

. ' tr ansf e r  

X = 4 N  X�4N+1 X�4N+2 : x'kIiiN+3 :' ( N:=O ,ii , . . .  1 27 }  

One - do t 

R# 45 

4 . 4 . 3  Exe cut i ng; thee H MMV command 

R# 46 

MSB 7 6 

1 1 

5 4 3 

o I' 0 

2 1 

I I  

6 5  

CL R ( G7 )  

ARG . 

Da ta tr ansf � r  di r e ct i on ( x ) 
Da�a t r �nsfet df r e ct i on C y )  
De st i na t i on memory sel ect 

, ' - - ; 

o L SB  
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4 . 5  LMM C ( Lo g i ca l  mov e CPU to V RAM )  

Th e L MCC comm and t r an sf e r s da ta f r om th e CPU to the V i de o o r  e:xpa nsion 
RAM in a spe c i f i ed r e cta ngu l ar ar ea Un x-y coordina te s )  v i a  th e MSX
V I DEO .  

S ince th e da ta to be tr ansf e r r ed i s  do ne in uni ts ,  of tlo t s ,  logi cal 
ope r a t i ons may be do ne on th e de sti na t i on point s . 

V i de o  o r  Expansi on RAM 

( O x ,  DY ) 

��_._D_I_X_' ----+--- I�i�;QI �lcPU I 
� D I Y  . " 

4 . 5 . 1  LMMC E xe cut i on O rder 

1 .  Pi r st ,  se t .th e ne ce s s a ry pa r amete r s  i n the command tegi ste r of 
th e MSX-yIDEQ • .  

HXD : 

DX :  
DY : 

NX : 
NY : 

D I X : 

DI Y : 

S el e ct dest�natiQn memory 
, )" � - . ,  - "  " ,! '- ,:.�, ; 

0 : V i de o  RAM 
1 :  E xpa ns i on RAM 
B a si c x-co o r dj,na te of dest inat�on , ( 0  tQ 5 1 1 ) 
B as i c y- coo r di na te of des,t ina tion. ( p  to 1 0 2 � )  

Dot s t o  mov e i n  x-d ir ection (0 t o  511)  . 
Dot s to move in y- di r &ct i on ( 0  to 1 02] ) 
D i r e ct i o n  f or NX f r om x-coo r d i na te of de·s t i na t i on 
0 :  R i gh t  
1 :  L ef t 
D i r e c t i on f or NY f r om y-:- coo r dinate of de,st i na t i o n  
0 :  Dow n 
I :  U p  

' CL R :  , f i r s t  by te of data .to J;)e t r a nsf e r r ed 

2 .  Af t e r  y o u  spe c i fy th e a bov e da ta , execute th e comm and . w r i te 1 
o I I B i nt o  th e h i gh e r  f o ur bi t5 of th,e comm anQ r egi st e r  
( CMR ) , and pl a ce th e l og i cal ope r a t i on co de i n  t h e  l ow er f our 
b i  t s  of CMR . ' " 

3 .  Whi l e  ch e c k i ng TR and , ' CE i n 
. 

S ta t us Regi s t e r  S # 2 , s e nd t h e  
s e co nd by te a n d  a l l  by te s f ol iowihg i nto th e CL R r e g i st e r . 

6 6  
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4 . 5 . 2  Se tti ng up th e LMMC r e g i st e r  

R# 3 6  
R # 37 

R# 3 8  
R# 3 9  

R# 40 

R# 41 

Rt 42 
R # 43 

R# 4 4  

R# 45 

4 . 5 . 3  

R# 46 

MSB 7 6 

DX7 DX6 

0 0 

DY 7 DY 6 
0 0 

NX7 NX6 
0 0 

NY7 NY6 
0 {) 

( - I: - [ 
I: - .f - I 

Exe cut i on of 

MSB 7 6 

1 0 

5 4 
DX5 DX 4 

0 0 

DY5 DY4 
0 0 

, ' �  

NX5 NX4 
0 0 

NY5 NY4 
0 0 

- It -

- Ii -

3 2 

DX 3 DX2 

0 0 

DY3 DY2 

0 0 

" 

' NX3 NX2 
.-.-

0 o· ---: ' 

I NY� ; NY3 
0 0 

, 

1 o LSB 

D�l Di:� , 
, fO Dxe" 

DY I DY C, 
' I>Y9 ' ' DYS · 

��1 NX€l '  , .- '; 
" NX e 1 ' 0  

�X ...... : 10) " i . 

NY� ' NYO 
- NY9 ��, . -� .��. , N�e·-
' - "'< ' .  --" . .. -.. ..... _,' T '> 

L ... 

DX } �:;!�na tion 
pO l. nt 

DY 

NX -, Numbe r of do t s  
1. 9  t r ansf er ,  
x-d i recti on ) , 

NY - Numbe r of do t s  
t o  t r  ansi e r  , 
y-d i r ect i on [CR3" f'CR2 '··li.c������:�.J (:LR ( G4 , G6 ) 

Ii - [ - Il eRl li CRo t CL R ( GS )  

CLR � G7 )  

ARG 

Da ta t o  
t r ansf e r  

Da ta tr ansf er  di r ect i on ( x )  
Data tr ansf er  di r ecti on ( y) 
Data de s t i na t ion sel ect 

LfilMC comm ands 

5 4 3 2 1 0 L SB 

1 1 I L03 1 L02 1 L01 1 LOa I CMR 

I I I I Logi cal ope l' ation  

6 7  



V9 9 3 8 MS X-VIDEO U S ER ' S MANUAL 

4 . 5 . 4  F l ow cha r t  of LMMC e xe cut i on 

No ( TR= O > 

�------ - -- ----- -----�-. ------

# 2  

===-...,......., Yes · ( CE=O ) 

. \ . 

._ -- - -- ---_ .. - - -_. - . - . - ---
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4 . 6  LMCM ( Lo g i cal mov e VRAM t o  CPU ) 

Th e LMCM command t r ansf e r s da t,a f r om th e' V i de o o r  e.xpa nsi on RAl-l t o  th e 
CPU ,  i n  a spe c if i ed r ecta ngul ar ar ea ( in x-y coo rdinate s )  v i a  the 
MSX�VIDEO . 

Th e da ta i s  t r ansf er r ed i n  un it s  df dot s.  

Vi deo or Exp-a nsi on RAM 

( SX ,  Sy) 
NX 

+ D:ty 

4 . 6 . 1  LMCMi' l!l:xecll'tion O r de r 
" 

. .  1 .  Fi r st ,  se't th e ne ce ssa;ry par��e1;er,:s :i,l1l the comin�nd regi st e r  of 
th e MSX-VIDEO. 
MXS :  ' s'el ec:t :so llt ce memory 

0 :  . Vid�o' Rlrl-1 

S X :  
S Y : 

NX : 
NY : 

PI X :  

DT Y : '  

I i  E:xi?kti�i on RA�1 
B asi c .  x�coo r di na te of sour ce po i nt ( 0  to 5 1 1 ) 
B as i c  y-coo r di nate of so u r ce ,ppl.nt ( Q , to lOf3> 
Dot s to mov e f r pm  �o ur ce poi nt i n  x-d.i r e ct i �m ( 0  t@ 5 1 1 ) 
Dot s to mov e f t om  sO \lr,ce P9!P.t In y- g.i rec;:t i oo L a to 1 0 2 3 ) 
Di rect i o n  f or NX f r om x-cDo r d�� .na t� of 130 lJ( Ce lpoint 
0 : R ight 
1 :  L eft g�re����n f or NY �.(�. y';��9.�.¢g.I}�J·e of so IJ.t" ce po int 
1 :  Up 

, . 

2 . 1\f ter yJou spe'ci fy the above da ta , ' exe cu�te ' th e bommahd py wri ·t
ing 1 0 1 0 0 0 0 0 B int o th e  CMR. ' < '. 

3 .  Whil e  ch e c k i ng TR and CE i n  S tatus Re g i st e r  S # 2 , rea d  S ta t us 
Re g i st e r  S #7 . 

6 9  



, 

. ' 

V9 9 3 8 HS X'-VIDEO U S ER ' S HANUAL 

4 . 6 . 2 S e t t i ng up th e LMCM regi st e r  

l>lSB 7 6 5 4 3 2 

R#3 2 , .  SX7 SX 6 SXS SX4 SX3 SX2 

R # 3 3  .0 .0 .0 .0 .0 .0 

R # 3 4 SY7 SY6 SYS SY4 SY3 SY2 

R i 3 S  .0 .0 .0 .0 .0 .0 

1 .0 
SXl SX.O 

.0 SX6 . 

SYI SYO : t 

SY9 SY8 

R# 4.O . NX7 NX6 NX5 . �4 NX3, NX2 NXl ;NX.O t 
R# 41 

R# 42 

Ri'43 

R# 4S 

.0 \ .0 " 0' ;0 : .0 � .  () ' 0 "  'fixe I' 
. . .  . •. 

NY7 NY6 NY5 NY4 

.0 .0 .0 .0 
NY3: NY2 

. 1- ... . 

.0 .0 
NYl 
NY9 

. NY.O : 
� r 

NY8 

L SB 

SX } 
SY 

B.<l s i c  

so ur ce 
po i nt 

NX -. Number of do t s  
to t r  anqt e r  , 

. x-di r e ct i on 

t�Y - NilIl\ber of do t s  
to t r an�J er ,  
y- di r e ct ion 

ARG 

'-----, Da ta tr apst er d.j,..�ecti on ( x )  
Data tr ansf er di r e ct i on ( y )  
Sour c �  memO,ry sel.e ct 

4 . 6 . 3 Exe cut i on of LMCM :commands" 
MSB 7 5 4 3 

R# 46 
() 

- I - \ 
. S # 7  

S # 7 1 .0 I. .0 I .0 I .0 I .0 ' .0 I Cl I C O  I 
S # 7  

7 0  

t:SB 
CMR Jj  

S ta t us Reg i ster S # 7  ( G4 ,  . 
G6 ) 

S ta t us Re g i st e r  8 # 7 ( GS )  

S ta t us Reg � st e r  S # 7  ( G7 )  
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4 . 6 . 4  Fl ow cha r t  of L MCM e xe cut i on 

Not e s  1 .  

2 .  

, LMCM 

Set:�p .MSX�VIDEO 

Rea d S ta t us Regi st e r  # 2  

No (TR = 0 )  
Ye s ( TR=l ) 

Rea d S tatus 'Regi ster # 7  

No ( CE = 1 )  
Ye s (CE = 0 )  

LMCM E�D 

TR mus t  be r e se t  bef or e  th e ,command iI!?, e X,eGuted. .�ea d 
S ta t us Regi s t e r # 7  when y o u  se·t up 'the MsX-:,V+:I>EO� 
Ev en th ough th e data i s  se t i n  S ta t us Register #7' and TR=l , 
the comm and w il l  be com pl eted w ithin 'th>e M8X-VIDEO and ' CE 
i s  se t to o .  

" t .L 

) .  
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4 . 7 LMMM ( Lo g i cal mov e VRAM t o  VRAM ) 

Th e LMMM command ' t r a n sf e r s' da t a  i n a spe c i f i ed r e cta ngul a r  ar ea 'f r om 
the VRAM or th e expa nsi on RAN t o  the V'AAM qr t-h e  e xpa ns i on RMI. 

S i nce th e data to be tr an sf e r r ed l,s don¢ ih ' . lini t: s  of do t s ,  l ogi cal 
oper ations ·may be do ne on th e de s t ina tioo : da'ta . · 

Vi de o o r  Exp�nsi�ri .RAM 

( SX , SY ) 
NX ---, -7 D I X  

� DI Y ' 

4 . 7 . 1  LMMM E xe cut i on O r de r  

1 .  Fi r st ,  s e t  th e ne ce s sa ry pa r amete r s  in th e comm and r egi st e r  of 
th e MSX-VIDEO . 

'MX� : '  S�fill e¢t.  s0 4r ce .m¢,nory 
o �. Vid:eio:, RAM: 
1 :  E J{�nsi.on AAM " .  

MXD : S el ect de st i na t i o n  m em o ry 
------------ ----o�: -V4eeo RAM 

1 :  E xpa n s i o n  RAM 
S X : S our ce po i nt x-c oo r di na te ( 0  to 5 1 1 ) · 
S Y :  Sour ce po i nt y- coo r di na te ( 0  t o  1 0 2 3 ) 

NX : Dot s t o  mov e i n  x-d i r e ct i o n ( 0  to 5 1 1 ) ·  
NY : Do t s  t o  mov e i n  y- d i r ect i on ( 0  to 1 0 2 3 )  

D I X : D i r ect i on f o r  NX f r om so ur ce po i nt 
0 :  R i gh t  
1 : L ef t 

DI Y :  Di r ect i on f o r  NY f r om so ur ce po i nt 
0 :  Dow n 
1 :  U p  

. :;. f. ' 1 

DX : B a s i c x-coo r di na te of de st i na ti on ( 0  to 5 1 1 )  
DY : B as i c  y- coo r d i na te of de s t i na ti on ( 0  to 1 0'2 3 )  

2 .  Af te r y o u  spe c i fy th e abov e da ta , e xe cu t e  th e comm and . wri te 1 
o 0 1 B int o th e uppe r f o ur bi t s  of th e comm and r eg i st e r  ( CMR ) 
a nd th e l o gi ca l ope r a t i on i nt o  th e . l ow er f o ur bi t s .  

7 2  
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3 .  The a bove pr o ce du r e  w il l exe cute ' th e 
VJ;PEO . Whil e  exe cut i ng the LMMM . st a t us regi st e r  (S # 2 )  will ' be se t to 

LMMM comm and in . t h e  MSX
command, the CE bi t of th e 
1 ,  and w hen the command i s  

compl ete, it w il l  be r e se t  to 0 . " 

4 . 7 . 2  Set ting up the LMMM r e g i ste r 

Ri 3 2  
Ri3 3 

R i 3 4  
R i3 S  

MSB 7 

SX? 
0 

SY? 
0 

6 

SX6 
0 

SY6 
0 

5 

SXS 
0 

'..: .. ,, �  , . , - :,,, . .  .,� 

SY5 
0 

4 3 2 

SX4 SXi) SX2 , 
0 0 0 

. , .  ·c · ·  

SY4 SY'3 SY2 

0 0: 0 

1 

SX1 

0 -
SY1 

SY9 

0 '  LSB 

SX O 
S�N3 ' 

SY O 

. :: }- .����� transf e r  

SY8 - .  -,' , " 
Ri36 
Ri37 

Ri3 8 
R # 3 9 

R#40 

R i 4l 

Ri 42 
Ri 43 

Ri 4S 

DX? 

0 

DY7 
0 

NX7 

0 

NY? 
0 

DX6 
0 
. ,.< ' .  

DY6 
0 

NX 6 

0 

NY6 
' 0  

DX5 DX 4 
0 0 

� " ;' 
DYS DY4 

0 0 

NXS NX4 '  
0 0 

NYS NY4 

0 0 

DX3 
0 '; ! .  � 

DY3 

0 

I . . . NX� 
0 

NY3 
0 

DX2 

0 

DY 2 
0 

NX2 '  

0 , 
NY2 

0 

DXl 

'0 
' ';' 'l:  

DYl 
I.: '; � 

DY9 

-IqKl 
0 

NYl 
''c .-' 

NY9 

DXO 
DX 8 , 
DY O 

� �'.. - , ; DX '}', • .  :De st.i nati o n  

D
'/ . .  . .  tiE'ansUr po i nt 

DY8 

'NX{( . ,  
NX 8 

NYO 

NY8 

NX Ntmlbe r of -do t s  
t o  t r ansf e r ,  
x .. di t � ct i bn 

Ny -.' . N'um);;)(hr 0f . do t s  
to ' t'r ansf e r  , 
y- d i r e ct i o n 

ARG 

Da ta tr ansf e r  dlr e ct i bh ( x )  
Da ta tr an sf e r di r e ct i on ( y )  

L....._-.;....:...-..---...;....o-'--____ . Sour ce memory . sel ect 
""'""""'---------------- De sti na t i o n  memory sel ect 

4 . 7 . 3 Exe cuti ng . th e · ·Lt�tM  command 

MSB 7 6 5 4 3 2 1 o LSB 
Ri 46 1 o o 1 I L03 1 L02 1 L01 1 LOo I  CMR 

------- -- -- -- - - --- -
7 3  
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4 . 8  LMMV ( Logi cal mov e  VDP to VRAl-I ) 
Th e L MMV  command pa i nt s  i n  .a spE;!cif i�d r ecta ngul ar a r ea of th e V ide o 
or Expa nsi on RAM a cco r di ng to a specifi ed col or co de .  

The da ta i s  tr ansf e r r ed i n  uni t s of one do t , and a logi cal ope r a t i on 
may be do ne on the de s t i na t i o n  da ta . 

V i de o  or Expansion RAM 

(DX , DY ) 
+-� 

_

_ D_I_X ..... ' 

--,------ir---l�r�pl I NY NX 

J. D I Y  

4 . 8 . 1 LMMV Exe cut i o n  O rde r 

1 .  Fi r.st# set 'the ne ce s s a ry .pa r amete r s  in th e comm an.d r egi st e r  of 
the MSX--VIDEO . 
MXD : 

NX : 
NY : 

D I X : 

D I Y :  

S el ect de s t i na ti o n  memQry 
0 :  V ideo RAM 
1 : E xpansi on RAl-l 
Dot s  t o  mov e i n  x-d i �r�ct i (!){l ( 0  �<? S I n  
Do t s. to ntov e in y- di r e ct i on ("O to 1 023) 
Di .r e cit i on for NX f r.om so ur ce peint 
0 : Ri gh t  
1 :  Left 
D i r ecti.on f or NY f rom so ur ce po int 
0 :  Pown 
1 ;  . Up 

DX : B asi c x-coo r dina te of de stina ti,o.l1. (O bq 511 ) 
DY : B as ic y- coo r di na te of de st i na tion ( 0  to �fb:�3 ) 
CLR: Col or code data 

2 .  P.i te r you spec i,ty th e abov e da ta , exe cu t e . th e comm and . wr i te 1 
. 0 '0 0 B in·t o th e uppe r  f o ur bi ts of tbe command r e g i st e r  ( CMR ) , 

and th e logi cal operati o n  i nt o th e l ow e r f our bi t s of th e CMR . 

3 .  Th e abov e pr o ce dur e w i l l  execute th e �.MMV comm.an,d ;i n ,the MSX
VIDEO. Whi l e  exe cu t i ng the LMMv command, th e CE bi t of th e 
sta t us reg i ster ( S * 2 )  w il l  be se t to 1 ,  and w he n  th e command is 
compl e t e , i t  w i l l be r e se t  to r O .  

7 4  
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V9 9 3 8 �S X-V I DEO U S ER ' S MANU AL  

4 . 8 . 2 Se t t i ng u p  th e L�W regi st e r  
J.ISB 7 4 j .  2 I o L SB  

Rt3 6 . . . · 

R.37 

RI3 8 
R t 3 9 

Rt 40 

Ri 41 

Rt.42 
R14,) 

RI .4 
:.� 

" '0)(7 
0 

'DY7 

0 

+ J ' 

DXEi 
0 

DY 6 

0 

" 

.D,X!) . DJ!;4 
0 0 

, .-- \ , , ' ,. 

DY5 
0 

, I 

DY4 

() 

Q�3 DX2 
0 0 

. .  - . . � � . . - . 
DY3 DY2 

0 0 

DXl 
0 

." 

DYI 
, 

PY, 

- . =- . 

llX Q . ; . '. , 
DX 8 

- .� . .  '-' 

DY O 
DY8 

NX7 NX 6  i NX� ' NX 4 NX3 , NX2 NX� NX.O 
o 

: 

L&J, � ,l)� l oJ] IC2 . I:IJ�,6 . 1 
1 0 .1 0 , 1 0 I: 0 1, 0  1 0 I CI ' Je o l 

, fl :=:.  

I C7 [C 6 tC5 1 c� Ie) \, C2 lC I  I c o I. 

D

D

Xy'" 'Y' ( � . .. .. • . • 
De st i na ti on 

. � r ansf e r  po i nt 

NX Number of dot s  
t o  t r ansf er , . ��iJrect i on -

' !  � .' .: 

CL R ( GS )  -' ----1" Da ta ' to 

1. ;  

\ .  ; .  

, ARG. " 

tr ansfer 
• J 

.< . ' :. � ', . ( - ' : _ ." 
"

f: 

Da.t�� , tI;�n� ei " di re:ct i on ( x )  Dita ti an�f �r di r �ct i on ( y )  
L-,...,..-��-,---..,...--..,....,..-_ D;e.sti na t i'oI) memP,ry. pe l ect 

. , , �  

4 . 8 . 3 Exe cut i ng th e LfotMV command 

MSB 7 6 5 

R# 46 I I - 0 1  0 

4 3 2 I 0 

. 1  I \ "  r . . - . . . . 

' "  .' 

LSB 

CMR ' �  

Log i cal Qpe r �1:i on 

_ , i 
. , ;  

\. : . '  



, ; 

V9 9 3 8 MS X - V I PEO U S ER ' S MANU AL 

4 . 9  L I N E  
The L INE comm and dr aw s  a st r a i gh t  l i ne i n  t h e V i de o or Expa ns i on RAM . 

The l i ne dr awn i s  th e hy potenuse tha t  results  afte r  the l ong a nd shor t 
s ides of a tr i angl e a r e  def ined. Th e tw o s iQ,e s a r e def itle d a s  
di sta nce s f r om a si ngl e po i nt . 

i I . 
i 

Vi de o  or Expa. ns i on: RAN · 

1 D I Y ' 

L0.·· · .. . ·· . .  ; : I: 
, . . . . .: I' : .' '. � ' I' 
. _ _  -"- ...;. _ ...;. _ J  

Maj 

Mi n 
-* 

D I X  

4 . 9 . 1 LINE Exe cut i oI:l O �de r 
1 .  Fi r s t , se t th e ne ce s sa ry pa t arnete r s  i n  th e comma

'
nd regist e r  of 

th e MS X-V I DEO . 

l-1XD : S el ect de s t i na t i o n  mem o ry 
. �)' : '  V i de o  RAH, . 

Maj : 
Mi n :  

MAJ : 

nI X :  

D I Y :  

DX : 
DY : 

1 :  E'xpi wsi dn RAM 

N umbe r of dot s  i n  l ong js'i de <0 to 1 '0 2 3 )  
N umbe r of dots i n  sh o r t si de' Co. t o  5 1 1 ) 

Di r e ct i on f or long s i de 
0 :  L ong s i de i s  in  x-ax i s 
1 ':- , , 1::. on9 ;� i de: i s' i n  y...; a.xi s ( 6 r x-ax i s = y- axi s )  

Di'yect l' o n  f r om so ur ce po i nt t o  e n d  po i nt 
0 :  R i gh t  
1 :  L ef t  
Di r e ct i on f r om so ur ce po i nt t o 'end po int 
0 :  Dow n 
1 :  U p  

B a s i c x-coo r d i na te ( 0 ' to' S l 1)  
B a s i c y-coo r d i na te ( @ t D l 02 J ) 

2 .  Af te r  you spec i f y  th � a bov e da.-ta ,  e x e cu t e  th e command. wri te a 
1 1 1 B int o  th e uppe r f our bi ts  of th e command r eg i st e r  ( CMR ) , 

a n d  th e l ogi cal ope r ation  i nt o  th e l ow e r f o u r  bi t s  of  th e CMR .  

3 .  Th e abov e pr o ce du r e  w il l e xe c u t e  th e L I N E  comm and i n  t h e  MS X 

V I DEO . Whi l e  e xe cut i ng t h e  L I N E  comm a n d ,  th e CE bi t of th e 
s t a t u s r e g i s t e r  ( 8 12 ) wil l be se t t o  1 ,  a n d  w h e n  th e command i s  
com pl e t e , i t  w i l l  be r e s e t  t o  O .  
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4 . 9 . 2 S e t t i n g up the L INE r e g i st e r  

R # 3 6  

R t 37 

R#3 8 

R # 3 9 

R1 40' 

Rt41 

RI42 
R* 41 

R# 45 

l>lSB 7 6 5 4 3 2 I o LSB 

[ 
I 

DX7 Dx6 DX5 DX 4 DX3 DX2 DXl DX O 
-'r -;-; 0' 0' 0' 0' 0' 0' 0' DX8' . ' 

DX } 
Ba s i c  poi nt 

DY 
DY7 DY 6 D¥5 DY4 DY3 DY2 DY l DY O' 

0' 0' 0' 0 0 0' , DY9 , Dye ' -
i ; 7  

M.J7 MJ 6  MJ5 MJ 4 , ID 3  �MJ2 KII MJ O . 

0' 0' . t Q 0' 
. - l ' 

' "'. _ .  

0' o MJ 9  MJ e  

i 

r·1aj ( NX )  - Numbe r  df do t s  
i n  l ong' s i de 

MI 7 !MI 6 , MIS ; MI 4 MI3 [ MI2 : MII '. MIO 
0' i 0< 0' 0' 

() ( 8' [ 0 t 0 

0' [ 0' I 0' I 0' 

0' ' f C3 ." 
0' 

, . 
0' 0, : MI8 . 

Ii . " , . , • . "t - · , ' ,' .' C 2 ·� C l  Ito l 
0' I: Cl I! e o lt 

r.�i n  ( NY )  - Numbe r of do t s  
iI), sh:Q,r t �i de , 

CLR (C-4 , G6J 

ct lc  ( �5 )  Da ta to 
t r a nsfer 

ARG 

i '.' " �- . L9r\9 si d� Ol r e ct,10n sel ect 
'"-----..,. ' Erid " po i rit di rect i on ( x )  

�P'q po i nt d,t r e<;;t i qn ( y )  
Q��t imi�ion merngiy sel e ct ' 

4 . 9 . 3 Exe cuting th e L INE comm and 

MSB 7 6 5 4  3 ' 2 1 ' O LSIL 

CMR 

409j. c�i ope r atio n  
;, H � 

: I 
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4 . 1 0  SRCH 

Th e SRCH comm and s e a r ch e s  f or a bor.de r: col or in th e V i de o  or Expansi on 
RAM to th e r i ght or l ef t  of a ba s ic I>Oint .\ 

. ! '� ., . . 

i ; Vide o  or E�pa:nsfoll : kAM : 
! ' . " ., . . . , 

( SX , SY) D I X  
- - - - - - - - - - - - - - - > . 

. ,

-

-

' " , 

' I ,'  , - '" BOrg�� C0'16t To int . ' . , ' � . .  � 

4 . 1 0 . 1  ' >'SRcH 'Erxecuti on O rde� 
1 . Fi r st ,  s e t;  th e ne c� s,sa � pa, l' am�t.e r s  in the comm Gm� regi ste r  Qf , 

th e MSX-VIDE·O • 

MXD :  

DI X :  

S el ect sear ch memory . 
, O � V ide o RAM ' . 1 ':  Expansi on RAM ... . 

Directi on f r om  so ur c� tx>int to ; se'ar ch 
0 :  Righ t  
1 :  L ef t  '. , r 

. EO : When 1 ,  ends e xe cutfcm wneh bo r d�r col �r . i s  f oun d� , 
, When 0 ,  ends e �� 9ut� �n when a col or oth e t  th a n  th e ' bor 4�r ' �o1or .i.1!l; found. 

' 

SX : aa�ic x':cQo rdi na ti:. for sea r ch ( 0  to 5 1 1 ) 
S Y : " B ash� .y- co6 tdi n�t� f or.' se a r ch ' ( O to 1 (23 ) 
CL R :  Col or co de da ta 

, .  � , . . , 

2 .  Af te r  y o u  spe c i fy th e a bov e data , exe cpte , th e command by 
w r i  ti ng 0 1 1 0 0 0 0 " 0  B int o '  the CMR . " 

3 .  Th e abov e pr o cedu r e  will  exe�ute the SRCH command i n  lh� MSX.;.. · 
VIDEO . Whi l e  exe cu t i n g

' t.he· sRPi command, the 'CE bi t of th e 
status , r e g ! f?t e r  ( S # 2) w il l  be se t to L, and w,hen t h e  comm and i s  
compJ: ete � · ' it w ill' 'be r Ei'se t  to ' 0 •

. 
,' ' li the co l or i s  f ound th e BD ' 

b i  t i s  se·t to 1 .  

7 8  
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4 . 1 0 . 2 S e t t i ng up the S RCH r e gi st e r  

R# 45 

HSB 7 6 5 

SX7 SX 6 SX 5 

0 0 0 

SY7 SY6 SY5 

0 0 0 

4 

SX4 

0 

SY4i 
, , 

O .  

3 

SX3 

0 

SY3 
0 

-, , 

2 1 

SX2 SXl 
0 0 

£Y2 £Yl 
" 

0 SY9 
. .  , 

, 

o LSB 
-

SXO 
SXB 

-C '" 

£¥Ill. , 
_. -

SIS 

SX }�' , . .  , 

Sy 

Ba s i c  po i nt 
f o r  se a r ch 

o [ 0 I: 0 l 0 1: C 3 'rci .1�·� ·J�o �-l CL R ( G4 , G6 ) 

o I o l -e 1 '0 ;1 0 ,,[ :0 Ie! teo � l  CVR ( GS )  

IC7 [C6 I C5 I C4 ; [ C3 I c; l�� I c� I CLR ( G7 ) 
.' � ........ � , _ ", _ _  • • c . '  . _  . . . _ __ ,_ _ •• ,.._ • • •  � 

ARG '  
, '  . .  ' . 

Bor der  
---+col o r  f or 

s e a r ch 

Comm and end condi t i on 
�----�'--�' S.ea r ch di r e ct i on ( x )  

Sea r ch memory s e l e c t  

4 . 1 0 . 3  Exe cut i n g th e SRCH comm and 
�1SB 7 6 

R#46 o 1 

Sta t us r e g i st e r s  

S # 2  

S # 8  
S # 9  

BX7 

1 
BX6 

1 

5 

1 

BX5 
1 

4 3 2 

o 

BX 4 BX3 BX2 
1 1 1 

7 9  

1 

BXl 
1 

o LSB 

BX O 

BX B 

CMR 

Loca t i o n w her e bo r de r  
co l o r  w a s  f o und 
( x -c o o r d i na te ) 
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4 . 1 0 . 4  Fl ow cha r t  .of SRCH exe cut i c n  

--::>-_-J . No ( CE=l) 

----.. Nc . ( BD=O ) 

. Ye lS  O�D=l ) 

Rea d  Status 
Read Status Regi s£e:i' ; .1 9  . 

SRCH END 

8 0  
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4 . 1 1 PS ET 

Th e PSET command d r aw s  a .  do t i n ' the V ide o or . Expa nsi on RAM.:  

A l o g i cal ope r a tion is do ne . on the . da ta of a do t that . is al r eady 
di s pl ay ed .  

V i deo o r  Expans ion RM1 

(Ox ,  DY ); 

. ,  
c 

4 . 1 1 . 1  P S ET E xe cut i o n  O rd� r 
1 .  . Fi r st , ·  set th e ne ce s s a ry pa r am e te r s  i n  th e command . r e gi st e r  of 

th e MSX-VIDEO. 

2 .  

MXD : S el ect memory 
0 :  V ide o RAM 
1 :  Expa n si on RM� 

DX : x -coo r di na te �t. . @lo t Hl to , 5 1 1 )! 
DY : y- co�)), dina te of dot (.Q to i ( 23 )' 
Af te r y�,u �cif:y th�e aoov�e e1ata , e�eeute th e command. 
wd te 0 1 0 ' 1  B int o th e hi gh- or de r  four bi ts of the command 
r egi st e I"  (CMR ) ' a nd . the l og i cal ope r at i on i nt o. th e l ow- o r de r  
f our bi ts of CMR . 

3 .  Th e abov e  pr oce dur e  w il l  exe c u t e. the PS ET comm artd in . th e MS X
VIDEO. Whi l e  exe eut i ng th e PS ET command, th e CE bi t of th e 
s t a t us r egi st e r  . <S# 2 )  wil l be se t .  to 1 ,  and when the command i s  
compl ete , i t  w i l l  be r ese t t o  O .  

8 1  
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4 . 1 1 . 2  Setti ng up th e PS ET r egi st e r  

R# 3 6  

R # 3 7  

MSB 7 DX7 
0 

6 5, 

DX6 nX5 
0 0 

4 3 2 

DX4 DX3 DX2 

0 0 0 

1 o LSB 

DX! D X O  

0 DX 8 
DX } 

Bas i c  po i nt 

R# 3 8  DY7 DY 6 , DYS DY4 DY3 DY2 DYI DY O 
DY : 

R # 3 9 0 0 0 0 0 0 DY9 DY 8 

R# 4 4  0 I 0 0 I 0 . I C3 I C2 I CI tc� It CL R ( G4 , G6 ) 

0 · 1  0 0 I 0 I: 0 I 0 I CI I c o l CL R ( G5 )  

I C7 1 C6 lC� . lC�Hlc3 1c2 JCl · I, � o l CL R ( G7 )  

R# 45 I 0 I - 1 �1XD I  ARG 

. . ' . &-.-1' _----:---_ Memory sel ect 

4 . 1 1 . 3  Exe cuting the PS ET command 
MSB 7 6 5 4 3 2 

R# 46 

1 o LSB 

PSET 

Logi cal 0j>@ r ati on ' 

• 

8 2  
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4 . 1 2  PO INT 

Th e PO INT command d r aw s  a do t of th e co1 0( spe c i f i ed in the V i de o or 
Expansi on RAM . 

V ide o  or  Expa nsi on RM1 

( SX ,  SY) , 

4 . 1 2 . 1  PO INT E xe cut i o n  O r de r 

1 . Fi rst ,  se t th e ne ce s sa ry pa r am e te r s  i n  th e comm and r e g i st e r  of 
th e MS X-VIDEO . 

MXS :· Sel ect memory 
0 :  V ideo RAM 
1 :  E xpa ns i on RAN 

SX : x ... coo r di na te of do t , ( 0  to 5 1 1J 
S Y : y- coo r di na te of dot ( 0  to 1 023J 

2 .  Af tef Y 01J, sPeci fy the a, bov e d�ta , e,xe,cute the command by 
wri ting 0 1 0 0 0 0 (j 0  13 int o the CMR.. 

3 .  Th e abov e pr o cedu r e  w il l  exe eute th e PO INT command i n  th e MS X
VIDEO . ' Whi l e  exe cuting th e PO INT cO�IIlalldf the CE · b,i t, of th e 
sta tus regi st e r  ( S'# 2 )  wil l b e  se t t o  1 ,  , and whert tb e Command i s  cQmpl e:t;,� " ii7 w i�l  b e  . X' eset to . o �  Tl1e cqJ. or cO,de data, . �s se t to 
st�t\-ls �e<}t� s:t;,et  t£i7 l .. ' 

4' . 1 2 . 2 

R# 3 2  , . .  
R t 3 3  

R #3 4  
Ri 3 5  

R# 4 5  

Set t ing up th e PO INT regi st e r  
f.1SB 7. 6., S 4. 3 2 1 0: 

i , : " ,  I ! ,  ! S, X, ' 7/ II SX6. EX5 i EX4 l EX)' '11 SX2 iEXl i 8X O  I I i I 

I OJ I 0) t 0: 0\ ( 0)  I OJ l 0) ! 8X8  
. SY7 \: SY6 I I i ' SY5 SY4 , 8Y3 : 8Y2 i SYl : SYO , , 

0 I 0 0 0 0 0 SY9 SY8 

I - ( - I - I f.1XS I - I - I - 'I -
I 

LSB SX }!I. 
B a si c point 

SY 

ARG 

Memo ry sel ect 
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4 . 1 2 . 3  Exe cut i n g  th e PO INT comm and 

MSB 7 6 5 4 3 2 I 0 

R# 46 0 1 0 0 1 - I - - 1 - I  
Sta tus r e g i st e r s 

S # 2  I - - 1 - f - J - r -

S #7 0 0 0 0 C 3  C 2  Cl C O  

S # 7  0 0 0 0 0 0 C I  C O  

S # 7  C 7  C 6  C5 C4 C 3  C 2  C l  C O  

5 .  Spe e d i ng up th e pr o ce s s i ng of comm ands 

L SB  

CMR 

Set to 0 a t  end of 
comm and 

Col o r  co de ( G4 , G6 ) 
Col o r  co de ( G5 ) 

Col o r  co de ( G7 )  

Th e pr o ce s s i ng of commands ca n be spe e de d  up by the f ol l ow ing tw o 
m eth ods . 

5 . 1 . Inhibi t th e di spl ay of spr i te q  

I f  bi, t 1 qf Regi st er R i B. ( SPD )  i s  se t t o  1 ,  p r o ce s s i ng f or spr i te s  can 
be use d · f or commands i nstead i . and th e r efor e th e cornmand eXE! cuti o'n  i s ' 

, 
f a s t e r .  

5 . 2 Inhibi t. th � ,sc r e e n di splay 
If bi t 6 of Regi st er R . I . ( BL) is' se t to 0 ,  pr o ce s s i ng f br; the s c r e e n  
ca n be us e d  f o r comm ands i ns t e a d ; a nd t h e r e f o r e th e comm and e xe cut i o n  
i s  f a s t e r . 

8 4  
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6 .  Co ndi ti o n s  of r e g i st e r s  af t e r  command e xe cut i on 

Af te r comm ands o n  th e ·MS X-VIDEO ar e exe cuted,  th e co ndi t i ons o f  . th e 

r egi ste r s  w il l  be as li st e d  in the f ol l ow iJltg ta bl e .  

SX 
' .  

HMMC 
YMMM 

HMMM 
HMMV 
LMMC 
LMCM 
tiMMM 

" 
Lf.1MV 
L INE 

�./ i 

SRCH 
c 

PSET 
PO INT 

- Unchange d 

SY 
, 1 ' 

* 

* 

*' 
* 

.- " -,�' : 

+.- .  

. 
- !'�' • 

I: 

DX 

1: .  

-

DY 

I '  'tr • .  

* 

* 

... * 

" 

* 
., 

* 

* 

f ' l 

NX NY 
. ... 

•• 
t 
t 

. - - t 
t '.' 

t 
t 
t . 

. i� 

.�J . '  

CLR 

. ' . 

.-. 

* 

* 

CMR 

' ', F' ,  0 
0 
0 
0 
0 
0 

0 
0 
0 

0 

0 '  
0 

* Coo r dina te at command end ( SY* , DY* ) o r  col or co de 

H CL R 

# The co unt (·Nm w·hen ·the ehd: of the scr een 'was de-te'Ct e'd 

L ARG 

I ·" 

Note : Th e val let-e .. s; fo,r S�* , D¥ *  and NYB Slr'e . the dot s ,  as -subst i tut e d  
f or N in tM� 'eq:ua�ti0<FfS� bel ow:' 

Sy* = SY + N Iil' *  .' = DY + : N  ( DIY = OL) 
Sy* = SY - N DY *  = DY - N ( D I Y = 1 )  

NYB = NY - N 
( " L INE " c ommand ==> i f  MAJ= O  th en N= N-l ) 

8 5  
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S PR ITES 

Th e MS X-VIDEO ca n be us e d  to di spl ay 3 2 ' spr i te s . Tl1e siz e . of , th� 
spr i te s  a r e  8 x 8 do t s  o r  1 6  x 1 6  dot s .  The s i z e i n  th e ho r iz ontal 
di r e c t i on of a spr i te i s 1/ 25 6  o f  th e s c r e en .  Th e spr i te s  may be 
pl ace d any·wheI'e 0B the sc r ee n .  

Since th e .sp.J: i te.s ar e handl ed in a conceptually independe nt s c r e e n ,  
they do no t af f ect th e data w ithin other scr e ens . 

( 0 , 2 5 5 )  * 

(X , y)  D 
S pr i te 

( 0 , 1 91 )  
o r  t--------\ 

<0 , 2 1 1  ) 

( Spr i te S cr .�.en) 

CRT 

( 25 5. , 2 5 5 >  * 

cSpri te 

( 255 , 1 9H 
or 

( 25 5 , 21 1 ) 
S pr i te t 

CRT ar ea undi s:pl ay ed 
i 

( 0 , 2 5 4 )  ( 2 55 , 2 54 )  

• *The y ..... co o r.di nate of th e upp� r epge of a spr i t.e i s  2<55 ., 

The MS X-V;rDEO ha s two spr ite di spl a;y rnode s. The sp1ri be di5p;L ay , mode ' 
i.s 'aut om a t i cally sel e ct e d  acco r di ng to tp;e' s-cr-�en q�'�Jfil ay moqe . 

S PRITE MO DE 1 :  GRAPH IC 1 ,  GRAPH IC 2:" MUL'l'I COL OR 
S PR ITE MODE 2 :  G RAPH I C 3 ,  GRAPH I C  4 ,  GRAPH I C  5 ,  GRAPH'Ie 6 ,  GRAPH I C  7 

8 6  
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1 .  SPRITE IDDE 1 ( G1 , G2 , Me > 

1 . 1 Cha r a ct e r i st i cs of . SPB,ITE MJ DE 1 

In S PR ITE MODE 1 ,  th er e ar e 3 2  : sp� i te S , nurtt ber ed # O _to # 3 l . Th e 
spr i te s a s.si gne d t h e , l ow er . nUllipe r s ' hav e  � h i gh e r  pr i or i ty . On a 
s i ngl e �T" hor'iz o9tal 'J-i1'le', up' to 4" spr ite s w ith the hi gh e st pr i or � ty 
are di spl ayed , and : �th e ov erlappi ng ' por tions of spt i tea  w i'th ;row er 
pr i or i ties a r e not di spl ay ed. . 

.� , 
. ' . . . ' . 

i . 

, " 

When ; 'tw o ., �ri te$ �oi1 f&' -, (the! r
ov erl appe d>  , thi s  condi ti on may 
r egi st e r  S i C  i s  se t to 1 .  

pa t tetn ' ' col or · l po.r1tionrS ha�e; 
be de te ct e d  si nce bi t S, " of ' statiUs, 

In a ddi tion , if ther e a r e  f ive or 1ho'te :spFl �es: ·(m one h01' :rz on�i 11:ne ,' 
bi t 6 of · status r egister S i O  w il l  be se t to 1 ,  and til e l ow er- orde r  
f iv e · l:>i ts w il l  be se t t o  th e number of th e f if th s]?r i te .  

" . " ",} 

, ! 

To di spl ay , spr i te s ,  us e ,th e f oll.o� ing , co,Iltr ol s . � . 
)R:!H l�'i t l' ·  " >  

81 = 1 :  16 x 16 dot s 
SI = 0 : 8 x 8 dot s  

Spr i te lilliql1,i f ie8!t'ion " ' R t I  bi t 0 . 
MAG = 1 :  Do tlble":::siz e 
MAG = 0 :  Norm al 

. j . '  ,\ ,� 

Settj.n9 : tbe sprlt� patt{erh ' �erieriit0r' . ta bl e , 
Set �be, : spt ie� ·J.s pe;t�eFn " f,l't tJi e , Spt�te �tter n ��'nel! ator ' Tabl e ' of ' 
th e V,RAM ( U J  tte t2S S L  , ,- . , - , 

- Sett i ng . the spr i te att,r i bu1:e ta pl e i 
Set the spr i te l  s a t tr i btit.es C it·s cQc r di na te s , pa tte r n  numbe r ,  and 
col or s )  in th e S pr i te Att r i bu t e  Tabl e of ' th e V RAM t t o ' to

· 
4 3 1 ) • 

1 . 3 Spr i te At t r i bute Tabl e ( Gl , (;2 ; Me ) 
Th e S pr i te Attr i bute Tabl e i s  an a r ea i n  the VRAM that co nt a i ns the 
di spl ay ( x - and y- L coo r di na te s ,  col or s ,  and pa:tte r n  numbe r s  of th e 3 2  
spr ite s .  Ea ch sp: d te o has f our  by te s o f  at t r i bute data . 

8 7  
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MSB 7 '  6 5 4 

Y-coo r di na te 

X-coo r d i na te 
� L ' . .  

Patte r n  numbe r 
" E C t 0 1 0 [ 0 " , 

3 2 1 o L SB  
. 

( 0  t o  2 5 5 )  

( 0  to 2 5 5 )  
.. 

( 9  to 25 5 )  
., 

Col o r  co de 
.' - T j : , t I) 

I' " I: 
" j, I' 
: I I 

:=1 ====I i 
- Y - c oo r di na te ( 0  ,to 2 5 5 )  

Spr i te attr ibute ta bl e 
ba se addr ess  

Att r ibute a r ea f o r  
spr i te 1 0  

At t r i bute a r ea f o r  

spr i te 1 1  

Attr ibut'e a r ea f or 
spr i te # 3 1  

Spe c i fy th e y-coo r di na t e  o f  th e spr i te .  
If th e val ue f or th e spr i te ' s y":' coo r di na te i s  s e t  to 2 0 8' , al l 
s p r i te s w i th l ow er pr i or i ty  wil l not be di spl ay ed. Fo r exampl e, if 
spri t� i�:QL ' S  y,- coo r d i na te i s  s.e t to 2 0  8 ,· spr i te s,  1 1 0  to .1 31 w il l  not 
be 4i spl aye�. 

' .  

- X-coo r d i na te ( 0  to 2 5 5 )  
Speci·fy t�.e � .... coo r d i na t� pf the apr i te .• 

1'a ttern  numb�:r ( 0  to 2 5 5 )  
S pe c i fy th e sp r i te pa tte r n  n um be r  1n the spr i te patte r n  gene r'

a t o r  
tabl e . ' If th e siz e of th e spr i te i s  16 x 16 , ther e w i l l  be f o ur 
spr i te patte r n  numbe r s  co r r e spo ndi ng t o  one spr i te, ., I n  this , sa se" 
you may spe c i fy any one of th e f o ur spr i te pa t te r n  numbe r s .  
In th e abov e manne r ,  i f  al l spr i te s  ar e 8 x 8 ,  th er e w il l  be 2 5 6  
po s s i bl e  pa t t e r ns :  h ow ev e r , ' i f  al l SRT ! tes a r'e 1 6  x 1 6 , the,1i' � w i l l;  
b e  6 4  po s s i bl e  pa t t e r n s .  

- Co l o r co de ( 0  t o  1 5 ): 
S pe c i fy th e color. co de f o r  pa tte r n  col or ' '1-patter n  col or 0 w il l  be tr ansp,a Ii' �nt . 

- EC ( E a r ly cl ock } 

The . coloIi' �o de f o r , ·  

When th i s  bi t i s  se t to 1 ,  tb e 3 2  do t s .  of th e spr i te .a r e  sh i f ted to 
the l ef ti ., In Q,t,ber ,  wor ds" when th i s. f un ct i on i s  used ,  -tb,e spr i te i s  
mov e d  to ' th e l ef t ,  one do t at a t im e ,  f r om the l ef t  edge of th e 
s c r e e n .  

L e f t  edge ' of CRT I 
� : � 3 2  d0 t �:l  ---?!-

S pr i  te 

8 3  
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1 . 4 Spr i te Pa tte r n  G ene r ator Tabl e ( Gl , '  G2 , Me ) 
Th e S p r i te Patte r n  G ene r ator Tabl e i s  an a r ea i n  th e VRAH t o  spe c i fy 
the spr i te pa t te r ns ( its appe a r ance ).  Th e be g i nning ( head ) a ddr.e s s  of 
th i s a r ea mus t, be s,pec;if.ie,d in r eg"ister , R i G  ( S1'r i te Pa tte r n  Gene r a t o r  Tabl e B a se Addr e s s  Regist� r ) .  

. '  . . 

The pa tte r n  f or ea ch spi i te mus t be w r i t t e n  i n  th i s  a r ea .  E igh t byte s 
a r e  used f or each , pa·�\tern, f9,r .� . total of 2 56 pa t te r ns .  Each of th e 
2 5 6  patte r ns ar e as,si �Jl�d, � spr � te pa t te r n  number f r om i O  to i2 5 5 ; i f  
the spr i te siz e is S" l( " �r ,<El�,t;�f:" .f;leh spr i te has one �ttern, and i f  th e 
spr i te siz e i 5 16 x �6' ,4@t�tJ .��Qh. spr i te h a s  f our patte rns . 

� . •  , V� �j, 
i .:t. ,�Mt,� " . .  ' '/ i· . .  :� . . . . .. .  ' .  . '  ' .: ., . .  , .  

,. \! '  "'r ,' , ' " ,  •. ' , ' 

r }  . ' , ,,' J:' ,' " " . . .. 
, ....... ' .' /  " ,  

. " ,' : ./ . '  , .\ ' I '  
" " I 

. . . ... . ' , . ' I; 

8 9  

Spri t e  Pa ttern Gene r a t o r  Tabl e 
B a se Addr e s s  

Pa t t er n  # 0  

Pat t e r n  # 1  

Patte r n  # 2 5 5  ( Ma xi m um )  
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1 . 5 Exampl e of Da ta S ett i ng f or S pr i te Pa t te r n  G ene r ato r 
Tabl e ( Gl , G2 , Me } 

( X =1 , Q=:O) " 

, }�ddr ess 
.aN ' 

. t:l=o ,  1 � , � 55 '" 
( Pa tte r n  Name 'l"abl e B a se Add r es's" f or N=O )  " , .  . . 

ExaIllJ;?l e, ,Q;�. 16 x ,16 ,B.pI: i te ; 
_ ,  . _ .  _I . ' " _ . � 

MSB LSB 
7 6 5 43 21 0  
OOOOOOOX 
OOOOOXXX 
oooxxxxx OOOOXXXO 
OOooxxox 
OOOOXXOX 

8N+1 OOOOOOOX'XOOOOOOO' 
.

.
.. . 

-
-

ooooxxxo 
OOOXXXXX 
OOXXXXXX 

' OXXXXXXx 
xxxxxxxx 
xxxxxxxx OOXXXXOQ 
oooxxoob' 
OOOOOOO() 
00000000 
XOOOOOOO 
XXXOOOOO 
XXXXXOOO 
oxxxoooo 

. XO XXOOoo 
XOXXOOOO 
OXXXoooo 
XXXXXOOO 

xxxxxxoO' 
xxxxxxxo 
xxxxxxxx 
xxxxxxxx 
OOXXXXOO 

;, OOO'XXOOO 
00000000 
00000000 

. 
aNT7 

Pa tte r n  numbe r 1. 

Pa t te r n  numb e r  2 

Patte r n  numbe r 3 

. - '  ; 6O<:taOXxX:l�OOO�O'�:'- : .. ' " , . i���&�gg ' "  
OOOOXXOXXOXXOOOO oooonoxxoxx.oooo OQaoxxxo�OO 
odo'5Oixxfil(ntooQ 
OOIDlxxxxxxXXXXOO . .  OXXXXXXXXXXXXXXO 
xJtixxxxxxxxxxxxx xxxxxxxxxxxxxxxx ' oqxxxXOCOOXXXXOO 
oooxxooooooxxooo 0000000000600000: 
0000000000000000 

f 40 ' . 2 
. (  

. 1 1  4 3  

l ·  

If tb e spr·i te si z e  i s  16 x 1 6 , th e pa t te r n' nt:lIDbe'r speci f i ed i n  the 
spr i te a t tr i but e tabl e can be any of tIl e  nl;!Inl;>4)f � f rom .f O tQ: ,  1 3 . 

9 0  

, .', 
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2 .  SPR ITE MO DE 2 ( G3 ,  G4 , G5 , G6 , G7 ) 
2 . 1 Cha r act e r i s t i cs o f  S PR I T E  MO DE 2 

I n  S PRITE MODE 2 ,  th e r e  a r e 3 2  s pr i te s ,  numbe r ed i O  t o  i :3 1 . The 
spr i te s  a ssi gned t h e  l ow er numbe r s  have a hi gh er pr i or i ty . On a 
s i ngl e CRT h o r iz ontal l ine , up to 8 spr i te s  w i th th e h i gh e s t  pr i o r i ty 
a r e di spl ay ed" and the ov erl appi ng po r t i.onfl of spri te s w i th l ow �r 
pr i o r i- ti es ar e no t di s�l ay eQ .  . 

' r4 . i , 
' . . . . ' ' ft 8l . .  1 # 7J ---1 t�9 1> .; . 

Whe n  tw o  spr i tes cOl l i de ( th e i r sol id po r ti on s  have ov e r l a ppe d )  i thi s 
condi t i on may be det e c t e d  s i nce bi't 5 of st a t us :r eg i st e r  S i O  i s  se t t o  
1 .  When thi s  o.ccurs , the ' cQor d i nat,e s of the ,coll isi on will ' be set i n  sta tu.s r�g.ist:e;rs 5 #:'3  to S # 5 . · 

I n  ad:eti tlbri , . if  t.h e.r e a r e ni ne or " mor e  spr i te s  on one hor iz ohtal line , .  
bi t '6 df 'sta't US re'gl.st er S# O w il l  be ' se t to l ,  and the ·l ow e r - o r de r  
f iv e  bi ts 'w il l be se t tb the nttinber of th e ni nth spr ite . ;  

Th e col e)'l� s  �f the  spr i te may. be spe c i f i ed f or ea'ch hor iz ontal l i ne . 
The spr i te pr tbt i tles may be ca ncel l ed by se t t i ng th e CC bi t o'f th e 
a t t r i bu t e  ta bl e ,  and i f  spr i te s  'ov e r l a p ,  a l ogi ca l  OR ma'y be donce on 
th e col or s of the s·p r i t e .  In oth er wor ds ,  in SPR ITE MODE 1 ,  wh i l e, ' 
o nly tw o  col or s may be a i s pl ayed , in S PR ITE MODE 2 ,  four col o r s m ay be ; di spl ay ed .  

2 . 2 S PR I TE MO DE 2 di spl ay ( G3 ,  G4 , G5 , G6 , G7 ) 
To di spl ay spr i te s ,  use the f o l l ow ing co nt r ol s .  

- Spr i te s i z  e R#l bi t 1 
5 1  = 1 :  1 6  x 1 6  do t s  
S 1  = 0 :  8 x 8 do t s  
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R i l  b i t  0 

�"!A.G = 1 :  Do ubl e- s i z e 
- Spr i te magn i f ication 

MAG = 0 :  N o rmal , 
RI 8 b i t  1 
SPD '  , 1 :  Di sabi e -

- Spr i te di spl �y 

5 PI;) = 0 :  Eni;lbl � , 

- Set t i ng to e ' spii te " pa tte r n  geh�rator " tabl �  " 
S e t  th e spr i te ' s pa t te r n  in th e Spr i te Pat t e t'fl Gene r atOr Tabl e of 
th e VRAM ( t o  to 1 2 5 5 ) . 

- Se t t i ng th e spr i te col er ta bl e 
S e t  th e spr i te s '  , co1 9! r , Ee,  CC,.- ,ilnd I e" i n " sepa r ate , l �l}e s of th e 
Spr i te Col or Tabl e of ��he vM.M .. 

- Setting th e spr U:.e attr ibute tabl e _ ,  

Set the spr i te ' s attr i bute s ( i ts co o r d i na te s ,  pa tte r n  numpe r ,  and 
col or s )  in  the Spr i te At t r ibute Tabl e of th e VRMI ( 1 0  to 13 1 ) . 

!" 

2 . 3 Rel ationsh i ps be tw ee n th e VRAM Tabl es (G3 , G4 , GS , GG , G7 )  

o 

1 6  

3 2  

4 9 6 

5 1 2 

Spr i te 
Co l or Tabl e 

1 0 
U6 by te s,) 

1 1  
q6 by t;.� s ) ,  

# 3 1 
( 1 6 by t e s )  

. ) --

4 

8 , 

1 2 4  
1 2 8  

S pr i te 
Att r i bute Tabl e 

, .  
' . 

f a  ( 4  
I I .  ( 4  

' -', ',�, by te s )  
by tes) 

.:" 

" . ' ; ' 

# 3 1  ( 4  by te s ) 

. , 

, , B.a:se 
Addres� 

, " , " . , 8 All Possibl e oombiria t ions 
1 6  

, 2 4 

2 0 4 0  

2 0 4 8  

2 . 4  S pr i te Att r i but e �abl e ( G3 , G4 , G5 , G6 , G7 ) 

spr1 te Patte r n  
G ene r ator Ta bl e 

, ' . 

, , ' , ' , ' , ' "  , ' , , ' :Patte r n  j j: O  
( 8  by te s )  

Pattern il 
, , (S ;by te s )  , 

Pa :ttet:'Jl ,1 2 
( 8  by te s )  

Patte r n  1 2 5 5  
( 8  by te s ) , 

. ' 

Th e Spr i te At tr i bute  Tabl e i s  an a r ea i n  th e V RAM  that conta i n s  th e 
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di spl ay 
spr i te s .  

( x - and y- ) .c oo t di na te s ,  and pa t t e r n  numbe r s  
Ea ch spr i te ha s four  by te s of at t r i b u t e  da t a .  

o f  th e 3 2  

MSB 7 6 · ' 5 4 3 2 1 
Y .... coo r di na te ( 0  to 2 5 5 )  

" 

X-coo r dina te " « (1'  to 2 5S l  

Re se rv ed 

- Y-coo r di na te ( 0  to 2 5 5 )  

o 

S pec i f y  th e y- c o o r d i na te o f  th e spr i;te .  

1. sa · 
sprl �e att r ibuie ta bl e 

ba se addr e s s  

Att rihut'e . a r: .ea f or ' 
spr i te lt O  

Attr i bute a r ea f o r  
. ,  s pt ib� # 1  . 

Att r  i bute a H �a f o r  
spr i t e  # 3 1 

If th e val ue f or th e spr i te ' s y- cob rdipa t.e . i s  s e t  to 2 1 6 , al l 
spr i te s  with l ow er pr i or i ty  wil l not: be ' di �pl ay ed . Fo r .exampl e ,  if 
spr i te tlO ' s y- coo r di na t e  i s  se t to 2 1 6 , ' spr fte-s �n O  t o  #;: 31 w il l no t 
be di spl ay ed. 

- X-coo r di na te ( 0  to 2 5 5 )  
Spe cify t.h e x-co o r di nate of th e spr ite . 
Pa. t t e r n  numbe r ( 0  to 2 5 5 )  
Spe � i fy th e spr i te :patte rn numbe r i n, th e spr i te pa t te r n  ge ne r at o r  
tabl e. If the S l z e  of th e spr i te i s" Hi x 1 6 , th e-r e wil l be f o ur 
spr i te pa t te r n  numbe rs co r re spo ndi ng,; t o  �ne spr i te .  I n  th i s  ca s e , 
you may specify any one :of t�he f o u"r ispr i t.e pa t te r n  numbe r;S . . I 

In th e abov e manne r ,  i f  al l spr i te s  a r e , a x 8 ,  ther e wi� l be 2 5 6  
po ss i bl e  pa t te r ns ; h ow ev e r , if al l spr � te s  a r e  1 6  x 1 6 , th e r e  w il l  
be 6 4  po ssibl e  pa t te r ns . 

" 

R t 5  
R#ll 

I Th i s  bi t i s  alway s  set t o  1 .  

Ir-"A-1-4"TI-Al-3--r-1 A-1-2"TI-Al-I--r-1 A-I-O'I'-A ..... b--r-l---.I...-+-i--.' S pi r t"e a t  t r i bu t e ta bl e 

1 0 1  0 1 ' 0 1 'o l ' ()' ; 1 0 I Al6 [Al S !  b a s e  a d d r e s s  .r e g i st e r  

9 3  
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2 .  5 Spr i te Pa tte r n  G ene r ator 'J'abl e ( G3 ,  G4 , G5 , G9 , G7 )  

Th e S pr i te Pa t te r n  G ene r ator Ta bl e i s  an a r ea i n  th e V RAM t o  spe c i fy 
th e spr i te pa tterns ( i ts a ppea r ance ) . The be g i nn i n g ( head )  addr e s s of 
th i s  a r ea mus t be specif i ed 1,n r egi st e r  R#G ( Spri te Patte r n  G ene r ator 
Tabl e Bpse Add:r � s s  Regi ster) . 
Th e pa tte r n  for each spr i te must be w ri t ten in. thi s , a r ea .  Eigh t  by-te s 
a r e  used for ea ch pa tte r n, fot a total of 2 56 pa tterns • .  Each of 'the 
2 5 6  pa tte r n s  a r e  ass i gne d a spr ii  te patte rn numbe r f r om ,#0  to # 255.; i f  
the spr i te siz e . ,i s e l X  .8 dot s , . each sprJ:t·� ha s one pattern, and i f  the 
spr i te s i z e i s  16 K ' 16 dot s ,  each sp( i te has f ou r pa t te r ns .  

VRAM . 
: �  1 .  �y·te ----

.. . .  ' 

r-�----�------�i 
I 

. . 

. 

" . 

If 

, 
I 
I 
I 

t 

�------------��i 

S 4  

Spr i te Pa t t e r n  G ene r a t o r  Tabl e 
, .� ase Addr e s s  

Pa tte r n  # 0  

" t- i j , 

I . 

Pa t t,er n,  # 1 ,  

Pa,tte r n  # 25 5  ( Ma x imum ) 



V9 9 3 8 MSX-VIDEO USER I S MANUAL 

2 . 6  Spr i te Col or Tabl e ( G3 ,  G4 , GS , G6 , G7 ) 

- In S PRITE MODE 2 ,  th e color f or spr i te col or pa t te r n  1 may be 
spe c i f ied on ea ch l ine (spr i te col or pa t te r n  0 w i l l  alway s  be 
tr anspa rent) . In a ddi bi on, the spr ite , pr i o.I;·i ty , coll i s i on de tection! and EC {Earliy Cl ock ) may be cal'lGeJ, l ed or, enabled.  

Th e  base a ddr e s s  ot" th'� spr i te Col or Tabl e w il l  alw ay s be 
a utom,ati cally cal�ul at�d ,'by .s1,1bt:r;act in9 512 ( de,cimalJ f ronl the base 
addr �ss of t,he Sprite Attr i.put� Tabl e.  

: 
4 96 E C  
4.97 E C  

51 1 

i I, 
CC . Ie Q' ,<i:�lro':If 
CC It I 0 Col or 

• 

,. J ,  tol or 

' , " ' . ' " Ii , 

· " �9 de , 
co de 

I . 
i , 

L ine 1 
L ine 2 

' L ine 1 6  

---- , 

C(i\>l O,I; 'fa�l e 
forr spd. te # 3 1  

SJ?r :i t e  Att r  i buter  'l'�);3¥ � B a se 
Addr e s s  

Sp� i te Col oI' C:o de,  to to 1 5 )c 
,f,�l" ea cn 1 1,l1e 

!,---O.,....,...����--�...,.... ......... ...,.... eoB. i s  i on; D�tect ' 1  =Nb Qi,Q}l;� s 
L.-____ ----------,..,........ ........ -..-./: :�rrior i ty E�abie I = No  Oz::Ye s 

9 5  

Displ ay  3 2-dot snif t: .l ef t  
l:o;Ye s O :::oNo 
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2 . 7 Abo ut th e S pr i te Pr i o r i ty Order 

In S PR I'I'E �10DE 2 ,  if th e CC bi t of the Col or Tabl e i s se t to ," 1 ,  th e 
s pr i te pr i o r i ty or de r  i s  can cel l ed .  

I n  th e abov e manne r , th e po r,tions where CC i s se t to l ( for ea ch l ine ) 
w i l l  be -di spl ay ed o nly on ho'r i2 ontal l ine s  -wher'e spr i te s w i th a l ow'er ' 
numbe r  exist . 'l'hi s  is diagramm ed i n  th e f igu r e  be l ow .  

Note th at in th is ca se , if th ere are moie �nan 8 ' spri tes on th e saHle 
l ine , the ni nth spr i te and abov e w il l  no"t be di spl ay ed as e xpl ai ne d 
ea r l i e r . 

Spr i te iX -l 
,---------------, 

i [J. i :�.:!-"-'=--!�-:! .��e -��-� 
I I '  I I I 0 I 

• I ,  I I I : l  r :  : r=J :  : 1'  I : 
. . . . . . .  ! . . . . . . . . . . ! . . . . .  ! . . . . . . . . l . . . . . ! . . . . . . . . . ! . . . . . .  . 

t • . , I . • I 
I • • I • • • I 

CC'= Al l 0 : : • • • • • •  : r 1 ,- :- � • • • • • • :. .�: 
L ____________ , .�""'"_ ____ � _ _ _ __ -.I 

CC: All 1 CC= Al1 1 
Fo r th e po r tions of th e  spr i te i n  which CC i s  se t to 1 ,  even i f  a 
spr i te hav ing th e n UItl be r  whi ch is cl o s e st to that spr i te has CC==O 
ov e r l aps the spr i te , th e col l is i on i s  no t dete cted .  Fo r 6v eil appih'g 
spr i te s ,  a l o gi cal OR is do ne on th e col or eode s f o r  di spl ay � ' . 

Exampl e Of three spr i te s  be i ng di spl ay ed i h  'sev'en col or s 

Spr i te IX 

Spr i te #X+l 

( ' ; 

0·. 8 ·• .. 
- - -

-1 
, . I 

I , I , ' _ _  "': _ _  i 

ce= A1I ' Or ' 0  

. - , -" I 

MSB LSB 
1 1  r 0 1'  O' l'O' t 

I ' " " 

r,',. --�-- �. ' 4 I,.: < MIS� " L9B 
l � , ' : 0' j 1 ' 1'  ( l l: ' 0 1 .. � 

,oJ 
• 

.. 
• ! , • 
'- _ _ _ _  ,,_ .:: _ _ _ _  �- _ _ _  ...J' . 

CC= Al l  1 
rr - "l' - - - - - - - - - - - - - - ""'"  
t, • " I 
I I 

Col or c0 de s al l 4 

Spr i te iX +2 : • 2 I 
: G" CQ1 0 lf  c0 de s  al l 2 
.. , i '0 j I 
� .. - - - - - - - - -
CC= Al l 1 

9 6  
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Exampl e o f  ov er l appi ng th e abov e spr i te s  

1 2  4 

1 4  6 
,8 ' : � 

1 0  2 

In SPR ITE MODE 2 
- No col l i s ion detect.i on ' 

2 . B  Spr i te Col l i s i on 

4 
, " 

8 

2 

In ,  S PRITE MODE 1 
-Col l is i on de t e ct i on 

!f CC i s  se t t� 0 and the spri te w i tij col or P9 rt i o �  no-n- O �v e r l aps ,  a 
spr i te coll ision i s  d�tect,ed. " If sJPr i te coll ls � on i s  de tect e d ,  bi t 5 
of status re�i $t er , S # O  i $  �et to 1 � '

Tb i s qi t 1,s ' r e se t �to Q'  when S I D ' 
i s  r ead . " 

Msa 7 6 5 4 3 2 1 0 LSB 

1 , I I' 
, I ;

'" I L I " 1  S I O  C 
" 

I f  a spr i te col I fsf on ocbut s and ne i 1;.her the mcluEe fl a<,!J ( MC n  n o r  th e 
l igh t pen tlag eLP ) of r�gi st e r  RI B �r e se t "  s t a t us r e g i st e r s  $ 1 3  t o  
S I 6  w il l  be se't to th e c¢>otain�te s ' of the �o11 is i oh.  ,-

S l 4  
S # 5  

S #'6 

MSB 7 6 
X7 ' X 6  

1 1 

5 4 3 
"X5 'X 4  'X3 

1 1 1 

; 2 ! 1 0 LSB 

X2 'Xl ]{ tr ' �COll iS i on i x-coo r d i nate 
1 1 X8 

I f  statU'S tegi st e r S # 5  i" £e�af t h e  " co'tittmts;' 'Of' sta tus r e o i,st e r B �  S # 3  
to S * 6  ar e r e se t .  ' ! ' 

" ;  ; ; 
, " 

" , ; -' ' , 

Th� value s' , �baf a1!; e' e�fhta;�ned: J�: stlit\Xj r�9,i ste r �  ' '$  #' :3  
contalfi otfs�t's, acco£'�lng" to ' tb e f ol i ow in� r f ormul 'itB . " 

y " ( S:f6" S# 5) 
Col l i s i on coor di na te s  

X=XC+1 2 Y= YC+ 8 

9 7  
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3 .  S e t t i ng t h e  S pr i te Col or s 

In  all G RAPH I CS mode s oth er th an G RAPH I CS 7 mode , the col or co de s f or 
spr i te s a r e  common t o  al l

" 
mode s . The spr i te ' d� spl ay col or is  

de te rm i ne d  by th e val ue i n  th e pal ette r e g i st e r . 

In G RAPH I CS 7 mode , the spri te � 9dl or s a r e  f i xe d  and a re not a f f ect e d  

by th e pal ette r egi ste r . The spr i te col or s �n qRAPH ICS 7 mode a r e  
show n  in  th e f ol l ow ing tabl. e .  

Col or code , · . G r,een , R.ed . 

C3 I C2 r el l co ; G2 I GI I Ga' i R2 I XU I R.�.: :,§2 1 _.Bl l BO 

0 0 , 0  0 0 0 
0 1 0 0 0 0 
1 0 0 0 0 0 
1 1 0 0 0 0 

0 0 ,0 1 1 . ,' 6 "  I ; � .. ,, " 0 1 0 1 0 , 1 1 0 0 l' 0 
1 1 0 1 I 0 

a 0 1 , 0  0 I 
0 1 0 0 0 , 0 
1 0 0 ' 0. " " 0· , . . .. 1 
1. ,.1 0 "  q O .  1 -, 

: 

a p �i . 1  i a .  
a 1 I 1 a 
1 a ;L. 1 1 1 
1 1 1 l l 1 ,  

" . 

TP and S pr i te s  , 

: 

. '  , 

0 
0 
1 
1 

0 
0 
1 
I 

1 tr 
1 
l 
() 
a 
1 .  
1 

j 

.• 

0 
0 
1 
1 

' 0  ! 
� � . .  , ' 0  
1 
1 

1 '�-o 
. .  1 

1 . ,  
0 
a '  
1 
1 : " 

" /  

0 
0 
0 
0 

: ' 0' . 
0 , . 
0 
0 

0 1 
0 
1 
o. 
1 
a 

. 1  

Q 
1 
0 , . 
1 

.. 
0 i " 

' ;0 
1 

1 
I 

, 0, · . 
, ;} 

. J)  ' 
1

" "  

a .  
1 

, 
._.- �- . '  -

0 
0 
0 
0-
d, '; 
0 
0 
0 

0 
1 
0 · · , 
1 ,  ., 
0 ,  . .  
1 
0 
1 

: . , 
� i .  

: 

By co nt r olJ, iQ.g. , TP ( B �t :  � of . .  tek!stet ' lU e>. " , CQ1��, ,cQde" ,' Q 
'W:i1 1 be

: " 

spe c i f i ed i n  the f ol l ow i ng mann� r . ,  : The' col.pr wil� �f;f ePt ,  Ute spr i ,te s." , 
TP= a Col or co de 0 w il i  be tr eated as inv i si bl e .  

Spr � te col or : �:r,� 0 wiJ.+ l'�1:." ,p;e) : di �pt�¥eA" , ,�d ,: if ' .  sprttes .. 
ov erl ap ,  a spr ! te col l ! S 1 0n w 1 1 1  not be cfetected.  , '  ... .. 
c�p� co�e P.: � il,� . be, �h� c()� Ql, . trJlpt )}� " �C+-� if:!4. , . in , �.e,. pal ette regi st�f ;.' ', . " ,f;£il : G�Jrcs l rOO.d� pJo)l¥" J!:;=€ll�: ,�d f' �4' . 
13 = 0  w il l  be alway Ii ·set> .- · · ·  " .  " . , '. ' . , , . .. . .  "' , 
If, tb e spr i te CQ·lOI" pa r t  0: overlap9� ,a .spr i. � �,� l *si en  w il l  
be de tected., 

9 8  
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PO INT ING DEV I CE S  

1 .  L i gh t  pen 
We w i l l  expl a i n  th e l i ght pen fun ct i on of th e ,  M5X�VIDEO below . To us e 
th e l i ght pe n ,  se t b i t  7 of regi st e r  lt �ra to 0 and bi t 6 to 1 .  

MSB 7 6 

Ri 8 

5 4 3 2 1  

1 L ight pe n  ena®H � 
o Mouse di sa bl e 

If) LSB 

Mode r eg i st e r  2 

In addi tion ,  if y ou w ant to ena�l e a� j.J):te J: nlpt when the l i gh t  pe n  ha s 
dete cte d l i ght, se t bi t 5 of regn�ter 'R*.O t.Q I ,. Thi s i nt e r r upt i s  
r e set if  sta tus r egi st e r  S # l  i s  rea<l. 

MSB 7 6 5 

S # l  

4 

1 :  Sw itch pr ess�� 
1 :  L i ght de te cte d 

Q;� �w itch not pr e ssed 
0 ,: L igh t not de t e cted 

Th e coo r di nates at whi ch the l i gh t  pe n de t e cted l ight w i l l  b e  se t in  
status r eg i st e r s  s n  to S # 6 . The da ta se t i n  the se r eg i ste r s  a r e  
co r r e ct a s  long a s  sta t us r e g i st e r  S i S  i s  not r ea d .  

MS B  ? 6 5 4 3 2 1 o LSB 
S#3 IX? lX6 lX5 I,X 4 ' I' X 3 (X2 I XI Ixo I Col umn r eg i st e r  l ow  

S # 4  1 1  1: 1  I' 1 [ 1 1 1  [ 1 1 1  IX 8 I Col um n  r eg i st e r  h i gh 

S # 5  IY7 1' Y6 lY5 ' IY4 [ Y3 I Y 2 I Yl lyO I Row r e g i st e r  l ow 

S # 6  1 1 1 1  � 1 Iycys I Row regi ste r  h i gh 

i Th i s bi t sh ow s  th e F I E L D  
numbe r w h e n  r ea d .  
0 :  1 s t  f i el d  1 :  2 nd f i el d 

9 9  
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Fl ow cha r t  of us i ng l i gh t pen to de t e ct coo r d i na te s  

� Enable l i'9ht ( R i a  t;i t. 7 ::::0 :;  bi t 6 ·=1 ) , 

r---------------------� 
Fl a sh De tect 

No ( FL = O ) 

Rea d status r�gj,s1ier  # 1  

i. ' � . .  ") .. , . -' . ::. ) -' z ,. 

' Read status regi ste-if . 4  . 
: Rea d f;;tatlls regi s-ter f'6 . 
.R�a d �tat14s , r.1jirste.I". tp . >  

J 

i � , 

1 0 0 

" 

' , ;  , � .  

). -
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2 .  Mo us e 
We w il l  expl a i n  th e mouse f un ct i on of th e MSX-VIDEO bel ow .  Becaus e  
th e mous e  us es the Col o r Bus , of th e MSX-VIDEO , when y o u  use the mo us e , 

y o u  cannot us e th e MS}{--VIDEO Col or B us for any other pur po se .  To use 
the mous e ,  se t bi t 7 of regi s t e r  RI 8 to 1 and bi t 6 to o .  

MSB 7 6 
RI 8 

S 4 3 2 1 

o L i gh t pe n  di sabl e 
1 f.1o u s e  e nabl e 

o LSB 

Mode regi ster 2 

When bi t 7 of reg i s t e r  RI B i s  se t to 1 ,  , the di r e ct i on of th e Col o r  B us 
i s.  a ut omati cal ly change d to input . 

Y0U may know i f  the mouse but t on ha s bee n sw itched ON and OFF by 
r eading s t a t us lC egi st e r S I1 , . ,  , Tp�s� lC e§i. st e r  w il l  b e  li e se t to ' O af te r 
bei n9i r ead. 

MSB "7 1 o L� 

1 :  Sw i t ch 1 pr � ssed 
1 :  Sw itch 2 pr e s sed 

be;, Sw 1 ten 1 no't pr e SSf;Q; 
0 : , Sw i t ch 2 no t . pr e ss e 13! 

The rel at:ive, c_0ordin�te s  of the Ih<i)u$e ' s  rnDV em en,t a'fe set a s  tw o "  s 
compl em ent data in st�l:Us r egist�rs s t �  and 5 . 5 .  

MSB 7 6 !i, 4 3 2 1 O .  �SB 
SB I X 7  I X 6 1 x s  I X 4 lx� I X 2  1 ;1 I X O I Col urn n  r egi st e r  low 

S I S ' .(Y7 IY6 ] Y� I�4 IY 3 , lY2 JYi, 1' ¥ 9 ' l &o't{ re 9i st e r  l�w : 
v-lhen 3 or S i s  se t i n  r egi st e r  Ril l S ,  th�' mo us e cO \lnt i s n9t , do ne .  
When st a t us r egi st e r s  S I3 a n d  S I S  a r e r ead o r  when co unt i ng i s  t o  
beg i n ,  th e val ue i n  r eg i st e r  R l l S  mus t b e  cha nge d .  

l O l 
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SPECIAL FU NCTIONS . 

1 .  Al te r na te di sp:l ay' of two gr.aph i cs .  s c r een pa ge s 

Two g� aph i cs  scre�n page s may be al te r nately di spl ayed ( i n G RAPH IC ' 4 
to GRAPH IC 7 mode s )  aut·oma.tt ca:lly � , 

Th e pa ge s that w i l l  be al te r nat ely di spl ay ed a r e  a s  f ol l ow s .  

GRAPH IC 4 c;lnd 
G RAPH IC S rnoae s 

PAG E 0 

,P.�G � l, ] 
�. . '  

PAG E 2 J '  . :l ' , . . 1 - • : PA�lr  3 

1 . 1 How to us e r e g i st e r  R f +,� 

,, ' GRAm.Ie , ancli 
GBAPl HC 7 ·  modes 

PAG E 0 ' 

t--------i J PA� E 1 
'.<)" , 

. , t · 

• � \ .' - , .  .1 

A di spl ay ti�e pe � iQd of be tween , 1 66 :ms ana, 20$j' . Ins. may be : �J?ecif ied f or ea ch pa ge .  - "  
" ' " , 

Spec,it:y th e odd pa ge , i n  the � tte r n  name ta bl e ba se ' addr e ss 
( r eg;! ste:t; Rt2) � " "  

,0, 

S�e c i t¥ th e ON . tilJ\f, ( t.��\';: : interyat �;� wp�ch �h.e . ev�n , J?Ci.ge , ' i s  
dl spl ay ed )  ' a nd th e OFF tame. ( the ' � ntetval ;Ln WhlCh tl1e odd p;a ge ' i s  
di spl ay ed )  i n  reg i ster  RU3 . ' , . 

" ' . . 

* Fo r th e  val ue s us ed i n  the ti�i�ngs , r ef e r to th e cha r t  in the 
se ct i on .on TE�T 2 MODE . 

lt1J)B 7 

R # l 3  
6 5 

, ON time 
, I " 1  

4 3 2. I " " 0 '  'LSB 

Bl �n'k ing ' Per iod regi ster  

OFF t ime 

1 0 2 
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1 . 2 How to us e th e EO bi t 
Th e EO bi t ,  bi t 2 of regi st e r  Ri 9 ,  i s  used  t o  al te r na tely: di spl ay · th e  
tw o gr aph i cs s c r e e n  pa ge s a t  6 0  Hz . 
- Set the odd f>�<Je i n  th e Patte r n  Nam e ·Table Base Addr e s s  

( r egi s t e r Ri 2 ) . 
- Set bi t 2 of regi st e r  R i 9  to 1 .  

MSB 7 6 5 4 3 2 1 0 L SB  
R# 9 I I I ' l EO I Mo de regi st e r. 3 

2 .  Int.e rl ace displ ay 
The MSX ... VIDEO has an interl ace dJspl ay fun cti on. 

2 . 1  Displ ay ing the fi r !3t and se'cond f iel�ds on th e sam e pa ge 

Set th e IL bi t ,  bi t 3 of regi st e r  R1 9 ,  to 1 .  

2 . 2 Di spl ay ing th e eV etl pa�ge in the f it st fii;el d and the odd pa g·e i n  
t h e  se cond f i el d  

- Set the IL bit, bi t 3 0f regi st e r  R1 9 ,  t o  l. 
. Set th e EO bi t ,  bi t 2 0f register la�·, to 1 .  

- Set th e odd pa ge in th e pa tte rh nam e tabl e ba se a ddre s s  
( r egi st e r  R i 2 ) . 

----- �� ----- --

1 0 3 

. , .', . 
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3 .  Exter nal Sy nch roni z at i on 

3 . 1 GENL OCK method 

Th e G ENLOCK method de t e ct s  the phase di f f er nce be tw een · the H SYN C  
o utput s i gnal of tb e MSX-VIDEO and a n e xt e rnal HSYNC s i Slnal and f ee ds 
i t  ba c k  to the sy st em cl ock . 

MSX-VIDEO 

CSY N C  OUT V-RESET IN 

I I S Y N C  OUT t--�' "  
I I - RESET I N  

Xta 1  1 
Xta1 2 

[> 
.

. .

.
. .

.
. 
� 

.

.
. .

..

. 
f--- CSY NC OUT 

� VSYNC I N  

IISYNC IN' 

3 . 2 Choosi ng the sy nch r oni z at i o n  mode 
Th e Sl and, S.O bi ts ,  . bi ts 4 and 5 ·Qf regi ster  Rl 9, ar e us e<il .to se t th e 
sy nch r oniz 'at i on mode of th e MS X-V I DEO . 

MSB 7 6 5 4 3 2 1 0 LSB 

R# 9 l SI I so I I ':1 , ' J Mode r egi ste r 3 

Sl I sO Sy nc mode * Y s  P u r po se 
0 0 P C  S YN C  Sel ect s  Normal Di spl ay th e MS X-VIDEO 

MS X-VIDEO ( 0 )  s c r een 
0 1 STD SYN C  Appe a r s  for  tr anspa r ent S upe r impo se ,  di g i  t i z  e ,  

pa r t s  e t c .  
1 0 STD SYNC S el ect s e xt e r nal Di spl ay exte r nal scr e e n  

s i gnal ( 1 ) 

1 1 - - - - - -

l C 4  

--- - --- --- - --- - -- --- - ._ - --_ ._. _ -- - ---
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4 .  Supe r impo se 

Th e MSX.-;VIDEO ca n or i gi l1a te a sw i tch si gnal ( *Ys)  for supe rimpo s i ng an 
e xt e r nal video  si gna l and th e out put of th e MS X-VI DEO . 

- The sy nch roniz ation of th e MSX--VTDEO mlls t be adj usted to the si <3'na"l 
to be supe r impo sed.  

- To input an interl aced v ideo si'gnal , th e MSX-VIDEO may al so be se t · 
up f or an i nt e r l ace di spl ay .  

MSX-VIDEO 

R 
G 
B 

-

Ys 

VIDEO 

Output 
R " G B 1 f f 

o SW J 
t 
• 

o SW 1 

+ 
.. . Video O\,itput 

• R 
. G External ·RGB Input 
• B 

. Ji:x'temal Video Input 

*Ys sel ect s the exte r nal v i de o  si gnal when s canni ng' the tr anspa r ent 
pp r ti on of th e MSX-VIDEO scr een.  

1 0 5 
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5 .  Di gi t i z e f un ct i on 

Th e MSX-VIpEO ha s � f. un ct i on to r �ad ext.er IlCll da ta ov �r th e col or .. bus 
i nt o  th e VRAM. 
- The ,qiqi tiz e .  f Unct i on i s . av �i l abl e in GAAPH IC .4 to .G Rf\.PH IC 7. . ·mode s 

o nly . 
_ When us i ng  a di g� ti z er,( � e }«S X""'VIDEO must be, �n€h r oni z ed . w ith the 

exte r nal signa l  as ne ce s s a ry .  I ' e 

Di g i ti z e B l o c k  D i agr am ( GRAPH IC 7 mode ) 

MSX-VIDEO 4bit AID 

C7·1+-----�-< D3 
C6 D2 
C5 . Dl 
C4 - DO 

I, I YD3 
a'·..,...,...;..-...,...,..:..-;......., 
C2 k---� 
C1 1 ... --..., 
co t-- � D2 

CBDIR f---DI£LKn· ' 
, . 
, . 

CLOCK 

D1 
. .. . .  -r' ·00' " . . .  

. t I 

Green Analog input 

Red Analog input 

Bl'ue Analog input 

Di gi ti z e B lock D i agr am ( GRAPH I C  4 mode ) 
MSX -VIDEO 

C7 f----.. ' 
C6 I--
C5 I--

. 4bit AID 
C4 I--
C3 03 Video A nalog input 
C2 02 
C1 P1 
CO DO 

OE t f CBOIR 
OLCLK 

C LOCK 

: .. : 
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. '  

Di gi ti z e B lock D i ag r am ( GRAPH IC 6 mode ) 

MSX-'VlDEO LATCH 
" C7 � 

C6 --

AID 
':. : (' :  �'---"-'---'--'--.,.......;.:j D3 

1+-----------l D2 
t--....,-....----....,......--1·01 
...... -...."....,,.........,...,...,,....,.,... :.... --1 00 

--

es· ............... 
C4 -
C3. --.. 
C2 � 
Cl -- . :---

CK .... di � . OE ..... -....-' 
L...--+---'----'i D3 

L...--'""-1r----i. D2 
L...--:;""" '-f-'---,.;--...t. D1 

........ """"'-'-.;......;.--+------'"' .. -""t . .  1)6' . 
CBDIR f-: �. ---' 

f DLCLK �· ----��---��----�· 
" 

Di9'i �z e 'B lock Di agr am ( G�PH IC 5 mode > 
; 

MSX -VIDEO A/D 
,...-........... . ..... ......... � .-....... -""-.""I. 1JT'- ' 

.----------I D2 
Dl 

. ,  �:];)Q.,: . 

VIDEO input 

-

VIOE9 input 

L...-...", .,.....,-",-,1. '''"", . ....,..,.....".) ."..., . .,.,j . .  \ .��. • .  " " .; .! ': ' "  . " '":01' , ' -,< r: ' . �  

, . '  . '  .--:� '- . < : 6d " ; 
C.BDIR I-. ...... -........ 

DLCLKI-i __ ----1,,---__ ---L..""--__ -J . 

v. 

, t.' 

l 0 7 

- ,� . 

, :' ·," ' 1 

! .  . A 
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Di g i t i z e co nt r ol 

When th e DG b i  t ( b i t 6 of regi st e r  RI O ) is se t to 1 ,  th e ' MS X-VIDEO 
i ni t i a t e s  i nput of da ta f r om th e col or bus . Thi s a ct i on i s  
a ut om a ti cal ly pe r f orm ed i nte r nal ly by synch r oni z ati on w i th V SYN C.  

DG f rom CPU 

VSYNC 

Di gi tiz e I 1 

Succes s iv e r ea ds i nt o  th.e f i rst and s e co nd f i el ds 

DG from CPU 
o E . 0,  E E 

V SYNC 

FL AME 

Di gi tiz e  __________ ......... _____ ..... Biven J -Odd . L..l .... - ,--__ -..,.._----

- B i t  ma s k  of the co l or bu s 

page pa ge 

Th e col or bus may be a mas'ked lilsing a r egi st e r  Rt7 . When a bi t of Rt 7 
is set to z er o ,  the i nput val �e of th e c¢> r r e spo ndi ng b i  t on th e col or 
bus i s  se t to z er o  • .  

MSB 7 6 

· The rel at i onsh ips 

GRAPH IC 4 
GRAPH I C  5 
GRAPH I C  6 
GRAPH IC 7 

5 _ 4 3 

of th e bi t v a ry 

C7 C6  C 5  
MO DE 
MODE 
MODE M3 M2 Ml 
MO DE M7 M 6  M5 

2 1 o LSB 

acco r di ng t o  th e mode as f ol l ow s .  

col or bus 

C4 C3 C2 C l  C O  
rn M2 Ml MO 
1013 M2 Ml MO 

MO M3 M2 Ml MO 
M4 M3 M2 Ml MO 

l D 8  
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6 .  Col or bu s 

Th e col or bus of th e MS X-VIDEO i s  co nt r ol l ed by th e MS ,  DG ,  
bi ts . The bi ts  and the data f l ow w il l  be il l us t r ated bel ow .  

6 . 1 Normal di spl ay 

i - - - - - - - - - - - -- - - - - - - - - _  .. - - - - __ _ _ _ _ _ _ _ _  , 
I , • I '  I , : R I I 
: , G , B , , 

I 
I , 

MOUSE ,,"' ___ -----J 
I 

MS · DG 

o o 

' .  LoGIC .... ___ ..... _ .. ' External palette re�ister 
_:. D/ A converter. etc . 

.,------,-'-'-'0 

L--���--+-____l. VRAM 

I 
, .  

L _ _ _ - � - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  "� _ - _ _ _ _ _ _ _ _ _ _ J ·L: I  __ -,-�---.J 

6 . 2 Mo us e  

r- - - - - - - - - .... _ - - - - - - - - - - - -- - - - - - - - - - - - - - - - 1 

I 
, 
I ,-

Look up table 
& 

D/ A CONVERTER 

MOUSE 
LOGIC • 

'. 

, 
I 

1-----'---: R 
I---lG �B 

, . 
I 
I 
I , 

--, 
I 
, 
, 
, 
I , 
I , 
, 
, 
, 
, 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - � 

MS 

1 

I Mouse 

VRAM 

1 0 9 

. ,  'OG 

X 

-

I 

CEt 

X 

and CB 
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6 . 3 Di spl ay ing e xt e r nal s i gnal s 

r - - - - - - - - - - - - - - - - - - - -- - - - - - ... - - "'7 - - - - - - - - - - -, 
, , 
, 1 
· 

Look up table � R , 
& I------+: G 

DI A CONVERTER I---: B 
, 
, 
, 
, 

MOUSE 1 

M 

0 0 

LOGIC ' AID converter, etc. 
, 

, ' , , , , 
· , 
1 , 
· 

r , , , , · L _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · 

6 . 4  Di gi tiz e 

r - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - , · , , 
Look up table � R  

& ------l G 
D/ A CONVERTER r-----I B 

MOUSE 

V RAM 

M 

0 

! 

S DG CB 

1 x 

LOGIC AID converter, etc. 

· 
L 

1 , 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .J 

V RAM 

1 1 0 



V9 9 3 8 :'MS X-VIDEO Da ta Sheet 

1 .  MS X-VI DEO 

1 -1 Ov er v i ew 

V9 9 3 8 ( MS X-VIDEO ) i s  a N- channel S i! ico n  G ate MO S ,  6 4 -: pi n sh ri nk D I L  
pl ast i c  pa cka ge V i de o  Di spl ay Pr oce ss o r  ( VDP ) . Th e V9 9 3 8 is  
sof tw ar e-compati bl e  w i th th e TMS 9 9 1 8A. 
1-2 . Featur es 

- 5v 'singl e pbw el" 
- Output of h()th ., L inear RGB and Compo site V ide o si gnal s 
- 51 2 col or s �s�ip:t. � �t'Il 'lbu il �"'" ln, col Qr pal ette 
- Ma x imum 5 1 2 cl( ',42\4. �lxel�4:[ l � c:ol ,9'r �  
- B i t- mapped gr aph i cs 
- 2 56 s imul ta ne ously - d i spl ay ed col or s 
- Suppo r t s 16K- to 1 2 8K-by te v i deo memory 
- May be us e d  w i th 1 6 K  x 1 bi t,  1 6 K  x 4 b i t,  6 4K x 1 bi t ,  and 6 4K x 4 

b i t ' DRAMs 
- DRAM a ut o  r ef resh f un ct i on :  2 5 6  addr e sse s ,  4 ms 
- May suppo r t  an e xt e ns i on v i de o  memory 
- Int e r f ace s for m�)U s e  and l igh t pen 
- Ma ximum 8 spr i te s  pe r  hor iz ontal l ine 
- D if f er ent col or f or ea ch hor iz ontal l ine of th e spr i te 
- Ar ea mov e ,  l ine , and sear ch commands 
- Logi cal ope r a t i o n  f un ct ion 
- Addr esse s may be specif i ed by coo r di na te s  
- Ext e r nal sy nch roni z at i on po s sibl e 
- S upe r impo se po s s i bl e  
- D i gi tiz ati on po s s i bl e  
- Mul ti-MS X-VIDEO a r ch i te ct u r e po s s ibl e  
�' Exter nal col or pal ette by us i ng col or bus 

Not e : I n  th i s  manual , ne ga t iv e l o g i c w il l  be i ndi ca te d  by an a st e r i s k 
p r e ce di ng th e s i gnal nam e s .  

1 1 1  
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MSX -VIDEO DATA PROCESSOR 
· [SI DATA · SHEET ... . .. 

; ' ,  e _ i , ' 

. � .. . .  - .' 

- '  -

r . � - ..... , '"  ,: -

- . 
h. - :�  � l 

\. : .  ,�� _, r 

- ' >  'J ' 

, ' .  , . 

'�. ' - : ,- . ': . 

, : , I. 

; . . . 



,.... 
I-� 
"-) 

C LT 

CPU 

I N T E R FACE 

TIMiNG 

C(}NTRQL . 

PA LETTE 

G R B 
( LINEAR)  

TMG 

INTERNAL DATA BUS 

V I DEO CPJU " 

IN!ERNAL COLOR Bt;JS 

COLOR 

f.NCODER 

EpJ 
VIDEO ' 

(COM P. ) 

: 1,'. . 'S!>R�'j 
CONTROL 

- h> ! 

· · ·.· · ,1  

'\ 

V RAM 

I N T ERFACE 

MOUSE 

& 
LtGHT PEN 

COLOR 

jS-US. :VO · 
CONTROL 

ADR 

MOUSE 

LIGHT PEN 

< 
\0 
\0 
W 
00 

� 
:>< 
� 
I-f 
tj 

::::: I;Ij 
CIl 0 
:>< 
I & < 

I-f IT 
� $)I 
0 CIl 
tP ::T 

(!) 
..... (!) 
0 IT 
(') 
� 
0. 
.... 
$)I '  

\.0 ,  
1"'1 

� '. 



--------------------------------------------------------------------------------------------------------------------, 

1--' 
1-..1 
l-<) 

C P U  

Wi{ FP>----':---I 
R D  

I. ?eC�)der j , I 

2 1 . 4i727Mllz 

0 
XTALI XTA L2 

vm' 
CSR 

A I J _ All 
. .  :1 �10d� I 

A.-A, :-.tode 0 �c� : f '  CPU: I + 5 �:l�CLK 
RESET RESET 

R/Vi' 
rn 

CASO CASi Abo-7 
_ I L lill� lJ 

·��. I 1 . 1 . 1 1 IA DF 
The dotted boxes show ckcuits 

VRAM 128K byte 
Ex.ample using 64K bit DRAM 
(D in and D out 'are connected' >  

r which are the same as the cirwit below. Ggr---i .. G -1 
� _ _  J 

R I . R L _ _  -I 
B - 1-1 ----'-... B 

csn:c �::=� to TV SET �CSYNC . J ; ! i ; ' . 
L _ .:. J  

c::: 
� 
� 
w 
ex> 

� 
X 
I 

c::: 
H 
t:I t'l 
0 

& 
rt 
!ll 
en 

:3:: :r en (\) 
:>< (\) 
I rt 

c::: 
H 
t:I t'l 
0 
() ..... 
1"1 
() C 
..... 
rt 
(\) 
>< 
!ll 
::I 
� 
(\) 
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2 .  Pi n a s s i gm,nent s and f un ct i ons 

Pi n 
nam e 

CDO L SB  

CDI 
CD2 
CD3 
CD 4 CDS 
CD6 
CD7 MSB 
'·fODE () 
HODE 1 
*CS R 
*CSW 
RDO LSB 
RDI 
RD2 
RD3 
RD4 
RD5 
RD6 
RD7 MSB �DO LSB 
ADI 
AD2 
AD3 
AD4 
ADS 
lAD 6 
'AD 7 MSB 
ikRAS 
'*CAS O 
*CAS1 
'*CAS X 
R/ *W 

, !*VDS 

, . 
V IDEO 
G 
R 
B 
* YS 

B L EO 

Pi n 
no. 

4 0  
3 9  
3 8  
3 7  
3 6  
3 5  
3 4  
3 2 
2 9  
2 13  
3 1  
3 0  
4 1  
42 
43 
4 4  
4 5  
:4 6 
47 
4 8, 
4 9  
50 
51 52 
5 :3  
54 
5 5  
56 
6 2  
6 1  
6 0  
59  57  

4 

21 
2 2  
2 3  
2 4  
1 0  

7 

1/0 ' FUncti on 
I /O 
1 /0 
I /O 
I /O 
r/o 
1 /0 
t/O 

- CPU da ta bus 

r/o ' ' .� 
' t  '"", CPU . ;i. nte'�face mode , ! ' :--... �el �ct '. .... . . 

I ' cPtr- Msx-"VnjEO read st r obe 
I CPU- MS X-VIDEO w ,r i  te st r obe 

I /O - VRAM da t·a bus 
I /O 
I /O 
I/O 
1 /0 Iftf 
Ifb 
I/O 

o 
o 

' • . 0' 
o 

b 
0; 

GNO 
Il1I!D 
m:m 

� 
HSYNC 
CSYNC 
BLEO 

CPUCLK �, CIIDR 
C7 
C6 
:C5 
C4 

. " 'C3 
C2 
tl 
ce 

GND / OAC 
VIDEO 

G 
R 
8 

INT 
J:IiS . 
LPD 

IOOl! 1 , IKlDy 
� 
.C07 

1 64 XTAL 2 ' 
2 63 XTAL 1 
3 62 m 
e( 61 CASlI 
Ii 60 .CAST 
6 59 .rux 
'1 58 vee 
g 57 R / W  

56 AD .7 
lb 55 AD 6 
111 54 AD 5 
12 53 AD .( 
4'J 52 AD 3 
114 51 AD 2 
15 50 AD 1 
16 .9 AD O 
11 (8 10 7 
111 47 RD S 
Ul ,(6 RD '] , 
2'0 .s RD .( 
7it •• RD 3 
22 .3 RD 2 
23 .2 RD .t 
2A 41 Rlf,«;:' 
25 .0 co o 
2!> 39 CD 1 
i 38 CD 2 

37 � 3  
211 36 ; . liD 4  
30 35 CD 5 
31 M CD 6 
32 33 vaa .. 

o 
o 
o ' 0 ' 
o 
o 
o 

VRAM r w  Cl4dr�ss . st r obe 
VMM -'Col uiriir a.dtj·r e'ss str obe 0 ; (VMM t i r �t hal f? 
\TMM col'tmm addr ess st r obe 1 ( VRAM ;se ct>nd hal f )  
VRAM col umn ad-dre ss 'strope X (E xpan'sipn V:RAM) 
V·MM' : "fri te' �t r'd�e . 

o 
o 
o 
o 
o 

o 

VRAM da ta sel e'ot 
*Vns = Low : Acce ss to 'VRM1 is for 'di li)pl ay da ta 
*VDS = High : Acye ss t o ,  V�� i's for ' 

, " ' Qther than th e ibov:e 
COinposi te vTdeo si gna.l ol.lEpllt 
- Line a r  RGB signal out put 

S ignal to sw itch be tw een MSX-VIDEO RGB output a nd 
e xter nal v i deo si gnal ( When supe r impo s i ng )  

*YS = High : MSX-VI DEO output tr anspa r ent 
*YS = Lw : MS X-VIDEO out put opaq ue 

Tr i- l ev el out put (Open dr a i n) i 
p r imary/ s e co nda ry f i el d  and bl anki ng i nte rv al 

H i gh : S e co nda ry fi el d , act i v e  
Mi ddl e :  Fi r st f i el d , act iv e  
L ow :  B l ank i ng i nt e rval 

1 1 4 

: 
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H SYN C  

,¢SDR 

to LSB 
C1 
C2 (:3 
C4 
C5 C6 
,C7 , MSB fr:L�S ' 

·I)H'6,� 
, *DLCr.K 

XTAL 1 
XTAL 2 
�PUCL� �INT " i 

*RESET 
VCC 
GND 
�ND DAC 
VBB 

5 I /O 

() I /O 
1-

1 1  

1 9 , " 
1 8  
17 
16 ; �  
1 5  
1 4  , 
13 , ,: ' 
1 2  i 

2 6  

\ 1  

0: 

I /O 
.Ito 
�I lb ' " 
I lg, 
I/O I/O l It>  
'110 

I '  

27 I, 

2 
3 

6 3  
6 4  

S, ' 2!i' 
I , ." ) , . 

9 
5 8  

. '  
� , 

. : ,-

, ,0 

, I, " ,  
20 , "  
3,3 

i 0 
, 1 /0 

I 
I ,,0 
l). 
I I 
I 

I 
0. 

Tr i- I ev el l ogi c ;, " , " 
uppe r l ev el s ( hi gh to ' mi ddl e) f o r  output , 
lQW �r l ev el s C mi ddl ,e , to l ow )  for i nput 

H i gh : Non- HSYNC, col or bu r st � r i od 
Mi ddl e :  H SYN C  o r  nQn-col or bu, r st pe r i od 
L OW : , , ij: S¥.N C  i nput: 

" ,  

Td.- i ev el 1 0gi, <:: ; " ' , ,  ' 
H i gh : Com po s i  te SYN C o ut put ' 
L ow : V SYN C i nput 

Co l or bus di r e ct i on 
H i gh :  I np ut 
L ow : O ut put 

Col or bu s , 
U s ual ly th e  col or co de i s:  6ut�put ; 
dur i ng di,��,tiz, e." ;tl)� f; i  bu s  i s: uSie d a s  the ihput po r t .  " Th� , high� or,de ri bi t s  : 
�� e f or, mO\.1.se l,riput 'w h.n us i ng ;the 

" ,:,�o,u,s,, ' � �  , , ' " , ' " ,  ' <:4 ' ,=  XA C$ X '  
C � = YA (:7 : '� ' \" 

L i gh t pe n  or m o uS e  SW input 
, L ow : SW on 

H i gh :  sw of f 
L ight pe n  de te ct i on i nput or mous e  :SW; ,Jnput 

L ow : L igh t de te cte d o r  SW on 
H igh ,: Any other co ndi tion, " 

Do t cl o c k Q �t ��" f(}� bt'lSh res;'Ol ut i on ;  
1 0 . 7 4  MH z  'ope'n dr ai n " , 

Dot cl o c k  o ut put f or l ow r e sol utJ on ;  
5 . 3 7  MH z ope n dr ai n , i ," , 
Input may al so be do ne the �od� , r egi.st e r .  
Thi s i s  us e d  f or a mul ti-MS�-viDEO sYst em .  

Co nne ct t o  XTAL o r  us e f o r  conne ct i on o f  ' an 
e xte r nal o s c i l l ator 

" 

, ; 
Out.put s li',6' �� XT� ,fr�en cy " ' , 
C�lJ. friten;:.up� " ,o.p.tput, ; ! .. pp>&n \prahl 04tput , r,..w} , , : .i ntefi��p� :; , � :  ) , :� , : '  '. ': 'Initi al iz e a!). ,  :f4Sx .... VmEQ " ,� rcui t s  
5 V  pow er sUP,R).Y , 
GZ,oun: d !JV " G.r\�\ilf1d' ':OV 
B�9/< })i a s  (No conri�ct ion )  

" " :'" 

1 1 5 

.'� : 

c '  I ', .  

. . . . . .. . ' 

" f , : : 

. ", , " 

" '; . . 
. : .. � 
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3 .  El ectr i cal char a cte r i st i cs a n d  t iming ch a r t 

3 -1 Absol ute maximum ra t i ngs 

Sy mbol 
" .' .. ,,' 

> '- - ,,-,. -� . ,  - - , - , -'-' -

Parameter ' 
,.. .. , ' 

' S upply vol ta ge 
; Input V4>l ta ge 

Rat i ng 
- ' . , ." . 

� 0 . 5 to +7 .' O 
- 0 . 5  to +7 � 0  

- 5 0  to +1 2 5  

vee 
Vin 
Ts 
To 

Stor age " tem pe r atur e 
j Ope r atililg tempe r atur e o te> + 7 0 '  

3 -2 ' Re commende d ope r a t i ng condi t i �ns 

SyrnbpF ' 
, 

vee , 

vss \ ' .  

Ta ., , 

V IL 1 
VIL 2 ' -

VIL 3 
VIH 1 
V IH 2 
VIH 3 

Note s :  

taramete� , 

�I,lpply vc»l tage "upply v<1>l ta ge 
.f\mbi ent t.empe r a t \ilr e 
tow- ;t �v el input ; 
, voll tag� ( g r o up 1 ) " 

LOW�'lev el ' in:put · 
v ol tage (gr oup 2 )  

,,� - ..  

Ext e r nal cl ock l ow- l ev el 
input vol tage ( g r o up 3 )  

H i gh- lev el input 
vol ta ge ( g r oup 1 )  

High- l ev el input . 
vol. tage ( g r oup 2 ) ' Exte �nal el;eeK �higli- l ev el 
i nput vol ta ge ( g r o up 3) 

" 

" 

Mi n . 

4 . 7 5  
0 

-0 . 3  
-0 . 3  
-0 . 3  

. . . -

2 . 2 

2 . 2 

3 . 5 
" . 

Ty p. 
: ' 5 . 00 

I 0 
" 

" 

- . ' 

, 

' 1" : 

, . 

Uni t -

� 

, 

1 

v 
V 

'� 
t: 

. '  

Max .  
5 :'25 

7 0  
0 : 8 '  
0 . 8  

0 . 8  
vee 
vee 
vee 

" ,i' 

U ni t, t-, �' �' 
. , '  

: 
v 

>, V 
, 't 

; 

V 

V 

V 

V 

v 

V 

G roup l : ,*-<;:��, ,RDO tO· 'RD7. , CO_ to e? , *L PS r, *L PD ,  *RES ET , '*DL eL K  
G roup 2 :  CDO to eD7 , MODE 0 ;' 'MODE i ,  *CSW 
G r oup 3 :  XTAL 1 ,  XTAL 2 
The v ideo si gnal s a r e  l i st e d  sepa r ately 
Ver sions A ancd B '0fr ta e ' MS"X""VIDEO diff er i n  the r ol l ow iilg � tem:s : 

" 
.-..",. �. - '<' .. , . , --' " , , ' ,  

Symbol Pa r amet e r  Mi n .  Typ.  Ma x . U ni t 

VIL 2 

VIL 3 

.. . . ..  

Low+,lev el , input 
vol tage ( g r oup ,2 )  

Ext e r nal cl o c k  l ow - l ev el 
i nput vol ta ge ( g r o up 3 )  

1 1 6  

co --0 . 3 
-0 . 3  

, ,' .. 

. .  

0 . 6  V 
, 

0 . 3 V 

----.- - --' ---�----- ---,---. - ' -- ----- ---.----�---.- --- -- -- -----�---
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3 -3 El ectr i cal ch a r a c t e r i st i cs un de r - r e commende d ope r ating co ndi ti on s 

E xt e r nal input cl ock t i m i n g  

No. Symbol 

1 f XTAL 
2 TXW H 

3 TXWL 

4 TXR 
5 TXF 
6 TXD 21 

7 TXD 1 2  
. 

8 TL IXD 
9 '!WI 

10 'IW2 
11 TPD 
, - -- --

6LCLK 
( (nput ! . 

. XTA L l  

, XTA L2, 

. 

Pa r �eter 

XTAl;. cl oc� f r eq ue ncy 

. , " 

. .  

XTAL ol ock high- l�v el 
Plal se w i dth 

XTAL cl o c k  p1b.l se l ow- lev el 
width ' . 

XTAL cl ock r i se time 
XTAL cl ock f al l  time 
XTAL cl ock del ay 

t ime 2 � 1 
X TAL cl . .o.ck del ay 

tim� ] �.  2 ,  
*DLCLK I input ) , -

X-:'l'JI.L cl ()ck , d� l .y  time 
}{T ALI ptal se w i 4Jth 
XTAL2 p�l se w i Qth 

" 

, 

. ' 

Mi n.  Typ. 
. .  

2 0 . 2 6  21 . 4 8  
5 
S 

l 0 
. .. . .. ... 

0 

2 0  
1 2  
2 0  , .. '. 

. . ' � 

-' . 1. 

" "  . 

. .  

J 

. L  
; 

' . 

Ma x .  

2 2 . � 5  

1 0  
1 0  

.-

5 0  . .  

, 

-," . 

,. 

" 

. ..  

XTALI -X'l'AL2 rel at iv e . .  , � ,  

del ay . time 1 5  . � 2 4  
" ,  : :, '  

" . '--- l l --"t--'- 10 ------! 
I �I ." . :' i "1 . ' i '  "t \'-

_
__ ...JI+�-· '--" """'�---------2.{)V 

1 1 7  

·. Uni t 
. . 

MHz 

ns 

ns . 
ns 
ns 

c 

ns 
ns 

, 

ns 
' ns 

ns 

ns 

I , . " 
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*RES ET Input tim ing 
'. ' 

No . Symbol " Pa r ameter Min.  Typ. " . '  
. 

1 TRES ET *RES E';l' l ow- l ev el 
pul se width 1 0  " .  

c " 

RESET �'----�.. -�/ 
I '�I·---------- \ �'--------� 

DC char acte r i�t i cs 
,i 

Symbo;i 

VO;LS 
VOLE), 
VOL7 

: VOH4 
r . '  .', 
I 

, VOH5; 
! 
I IL l 

1M ) 
. ICC 

Not e s : 

Pa r � et e r Co ndi t,ion 

tt�:'Il�vel jOutput" VQl ta ge 
( g� Q UP 4� 10L ;:;: 1. 6  ,rnA 

Low--�ev el :output voOl,t-a'g.e ( git OUP 5, ' 10L = 1. 6  rnA 
Low..-!level [output vol ta ge . (9�ouP ' 51} . , IOL = 10 rnA, 
Low- l ev el out put vol tage 

(gr oup 7) 101. = 1 . 6 rnA 
i " fli9h=;le� �: olftput vol.ta�e · , 

(cg; Jr OUI} 41 )  IOIf c 1 0 0  uA 
High- lev el out-put vol ta ge 

(gr oup 5) lOR = 6 0  1.11\ 
Input l ea k  cur r ent 
Output l ea k  cur r ent 

(f l oa ting ) 
Cur r e nt co ns umpt i on 

. Min. 

1 . 4 

1 2 • 1 

Ma x.  
, .J ��." 

' : I ",M�X • 

� , .  . 

0 . '4 

P:, . '4 .,. 

11 .,;4. 
0 . 4  

1 01  

2 5  
23 0 

G roup 4 :  CD O to CD? , RDO to RD7 , ADO to, AD? , *V DS ,  OB DR ,  
CPU CL K ,  C O  t o  C? 

G r o up 5 : 
G r o up 6 :  
G roup 7 :  

*RAS , *CAS O ,  *CASl , *CASX, RI *W 
*DL CL K ,  *DH CL K  
* I N T  

Inpu t / o utput pow er capa ci ti e s  

Symbol Pa r am e t e r  Condi ti on 
CI N I nput pow er ca pa c i ty V IN = o V 
COU T  Out put pow er ca pa c i ty V OU T  = 0 V 

1 1 8 

M i n .  Ma x .  

1 0  
1 0  

u ni t  

,mrs ( 

Uni t, 

, 1/, 
V 
V 
V 
V 

V 
u1\ 

u1\ 
rnA 

u ni t  
p F  
p F  

--- - �-- ---� . ' ----- ,-_._-- -�-- .-'---"" 
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Ext e r nal o ut put cl ock t i m i ng 

No . Sy mb0 1 
� 

8 fDS"cr, K 
9 THWL 

1 0  TH F 
1 1  fDL CL K  
1 2  TL CML 
13 TLOF 
1 4  THL OD 

1 5  fCPU CL K  
1 6  T01H 

17 TOlL ,. ,,, 
1 8  .- TCR 
1 9  TCF 
20 ' TL OH XD  

" 

2 1  TL OL XD  

--' ' 

Par am e,te r 

*DH CL K  f reque ncy 
*flHCLK l ew- l ev el 

pul se width 
*DH CL K  f al l ti me 
*DL CL K  f r eq uency 
*DL CL K  ( output) low-

l ev el pul se w i dth 
*DL CL K  ( 0 utput ' 

f al l  time 
*OH CLK-*DL CL K  (o utput )  

del ay time 

CPU CL K  f r eq uency 
CPU CL K  h i gh- l ev el 

pul se w idth 
CPU CL K  l ow- lev el 
, piliI se wi dth CpuiCL� r ise time 

._ , -

CPUCL K f all tIme , 
' *DL,CL K ( out put ) high-

XTAL de,l ay time 
*DL CL K  ( out put) low� 

XTAL del ay time 
.. 

-
Condi t i on M i n. 

1 0 . 13 
2 0  

CL = 5 0  pF 5 . 06 

6 0  

-1 5 
3 . 3 7  

CL = 1 1 0 
1 0 0  pF 

1 1 0  

; " { , ' .  

CL = ;5 0 pF 2:0' 
> ' 20 

: 

- �p. 
_. , 

, -
1 0 . 7 4 

5 . 3 7 

3 . 5 8  

--- , 
, , 

' , , 

i 

Max .  " U ni t 
" 

11 . 2 8  

2 5  
5 . 6 4  

1 5 
1 5 

3 . 7 6  

_ I -, , 
'" 

25 ' 2 5 
<,I 

5'0 
50 

. -

i 

j ;  

< - j  

MH z  
n s  
ns 
MHz 

ns 
n s  
ns 

MH z 

ns 

ps 
ns 
ns - -, 

ns 
ns · � ; n· 

I , 

Notl.e : The val ue s show n  for *DH � K  and *DL CL'I{' a ssum e tha€' - n; =- l ik  ohm; --

1 1 9  



V9 9 3 8 MS X�VIDEO Da ta Sheet 

I ·  8 • I 
I I 

1 0 -1. '--- 9 ..:...--t 1 
t i l 1 
I , I I DHCLK� Y \ 
I �-----

I , 14 -1 11-......,...-,--------- 1 1  I r ...J : ;  1 13 , t-

g�t�;� __ -;-' _y , \:1"'�����_-_-'_1.,...2--_ -.,...-c---:�--:_; .�-r 
XTAL 2 

I ; , ----l '20 r-- !--2 1 --1  
1 . , 

l ·· IS" ---------���--���-: .,� I 
18,.,! ... 1 �---+--

il I 1 6 -------�·�l �l� CPUCLKJ i-� ______ � . .... , ...... .  --,,-......... --:-,......,..J 

: jE xt e rnal outpu� cl ock t iming , · 

1 2 0 

------ ---- .. _- ---- -- .-
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CPU- MS X-Video I nt e r f ace 

No . Symbol Pa r am et e r  Condi ti on M i n .  Typ. 
1 

2 

3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  

12 

13 
1 4  

1 5 

16 

17 

I S  

TAS R 

TASW 
TAHW 
TDSW 
TDHW 

TCSW 
TCSR 

. TRAC 
TPVX , A 
TNX 
'lWI W 

'1W2W 

TSI RW 

TS2 RW  
TSI WR 

TS 2 WR 

TWI R 

'lW2 R 

Addre s s  se t up t ime 
( r el ated to *CS R ) 

Addr e s s  se tup t im e  
(r el ated to *CSW ) 

Addr e s s  hol d time 
Da ta se tup time 
Da ta hold time 
*CSW pul se w idth -

' *CSR pul se w idth 
Data a C�e S S  time 
nata inval id t ime 
Da ta di sa bl e  time 
*CSW pul se w i dth 

high , 2 nd-1st , 
1 st-2nd by te 

*CSW pul se w i dth h i gh , 
2 nd-3 rd, 3 rd-3 rd, 
3 rd-l st by te 

*CSR- *CSW se tup time , 
1 st-1st . by te 

*CSR- *CSW se tup t ime, 
3 rd-lst by te 

*CSW- *CSR se t up time, ,2 nd-1 st by te -
*CSW- * CSR se t up time , 

2fid'';:'31='d byte . .  
*CSR pu1 se wi dth h i gh ,  

1 st-1 s t  by te 
*CSR pul se - width 

high ,  3 rd·-1 st , 
3 rd-3 rd by� " ' " r ' t  ..:- , ' . ; 

. , .. 

'� , 

CL 

-

MODE 
__ �X X"""� __ _ 

0 
3 0  
5 0  
3 0  
3 0  

l a� 
1 8' 

= 

3 00 pF . . 0  

2 , I 

I '  
8 

2 

8 
-. 2 

8 
2 

:- . .  ! ;S : 

I' 
(, ::- 4 ---f I- 5 -j  

7 00 
7 00 
1 0 0  

6 5  

Ma x .  

20 0 0  
2 0 0 0  

1 50 : 
r 

1 00 

DATA ---�){-�----�}(""":----
CPU- MS X-VIDEO w r i te cy cl e  i nt e rf ace 

1 2 1  

u ni t  

n s  

ns 
ns 
ns 
ns 
ns 
ns 
n s  
ns 
ns 

us 

us 

us 

us 

u s  

us 
us · 

u s  
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csw 

\ �  t �x ,If . '  .. .......... -----�---'---_I r------�-J : 1 : 1-- 1 -1 : 1 
1 

C�U- MSX-VIDEQ r e a d  ey e,I'e int erf;aee, . 

1- 1 1 -;1  1 ,I I t' �1 f""'\ 2 �. ; � , � � 1 .' . 
1 1 . 1..-14 � l--16 "� 1---, " I S ---J, 

•• • .. ' 1 ' I W i  t W hi 
t--- 1 S � ;_ 
1 • 1 \J :\J 

t • 1 • 1- 13 1 5 � t-
1 

Not e : Th'e nUlllbe r s  n Cwhe;r e n :: 1 ,  2; ,  3 )  ma�k�,¢r i fl.  t.be p.1.l1 se � ;  show th e 
by te o.r de r (1st , 2 nd ,  3 rd )  sent f rom the cpu . 

N0t e :  

;MS X-VIDEO regi ster r ea d Hmin�l 

t---'- 1 2  --:... 
1 1 

- I l --.  1 �12 � ' �'· 12 ---:. 
I 1 , I. • I 

The flill.robe f, s, flt ( wheI' e n fi . .  · 1 , · 2 , . 3 )  mar ked, in the pul ses sfuoW' the 
by'te or.de ft Ust ,, 7 nd, 3rq). s-e nt .iE rOIll · th � CFU. 

M5X:""VIIJEO r e g i st e r  w r i  te tim i n g  

1 2 2  
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MS X -VIDEO- VRAM i nt e r f ace 

No . Sy mbol Pa r amete r  

1 TRC 

2 TPC 
4 TDS C 
5 TDH C 
6 TRP 
7 TRAS 
8 mSH 
9 TCAS 

1 0 TCSH 
1 1  TRCD 
1 2  TCRP 
1 3  TRAR:D 

1 4  TRAH 
1 5  '1'CACD 

1 6  TCAH 
17 TCAR 
1 8  TRCD 
1 9  TRCH 
20 'lWCH 

21 'lWRH 

22 'lW P ' 
23 TRWL 
2 4  TCWL 
2 5  TDCD 
2 6, TDH 

' 2 7 TDH R  

2 8  '!WCD 

2 9  TCl> 

Memory read/w r i te 
. cycl e  time 

Page mode : cy cl e time 
,Read da,t� , setup t ime 
Read data hol d t i m e  ' , *RAS prechar� time 

, , *RAS P14 se w :lath 
*RAS hold tiine 

, *CAS pul Se 'w'i'dth " 
*CAS hol d t ime *RAS- *CAS d�lay time *CAS .... ;*�AS pr ee'harge ' 

time 
Row add r e s s- *RAS 

del ay time 
Row - addr ess ·bol d ti'me 
' Col lm\n addc ess- *CAS " 

del ay time CoJ;.�n , a �pr e s s  hol d , 
time , 

Col um n" iiddr ess hol d , : .time ( for *:aAS ) , 
. Read comm ana'-*CAS 

del ay time 
Rea d command 

hol d t,ime 
w r i te COmmand 

hol d " time 
W r i te comm and hol d 

time ( for *RAS ) 
Write , c�ah:d :P1l).,se ' 

w idth , '. '< . .  

W r i te command-*RAS 
read w'idth • 

' 

: W r i te command-*CAS 
rea d w idth 

· W r i  te daita .... *CAS ' del ay 
t ime · ,  , 

li r i,te da ta 1\01 4 time 
' W i: ite da ta bol d t i m e  

( f or *RAS ) 
W r i te command-*CAS , del ey tinre ' 
*CAS predharge time 

(page thode cy cl e )  

Co·ndi ti on Mi n .  Ty p .  Ma x .  U ni t  

: � . . 

CL = 

, 
2 6 '  ' 

-1 7 7  ; ··2 0, 
o 

9 0  
1 3 0 

60 
85 

1 40 
4 0  
9 0  

5 0  
I i  

o 
1 5 0 PF . 10 0 

, 1 3 0  

�,O 
;3 0  
7 0  

1 ::>,° 1 
1'211 

1 5 0  

1 2 0  
o , " 

5 0  

1 1 0  

7 0  

27· 9 , 
1 86 

.,' " 

n s  

Note' t r The ab.0v e " spe ci f ica t jolls apply to; ve� si bn · e  ()f ' the' \79'93 &.' : ' 
Th e f ol l ow i n g  i tem s ' apply to Ver sio·ns 1\ and 'g .  To: di st f h�tl i sh 
V er s i on s  A ,  H, and C ;  , ref er to pa �e 1 3 4 0f th i s  da ta sh ee t .  

;. : 

1 2 3 
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No . ' Symbol 

1 4 
1 5  
2 6  
2 7  

TRAH 
TCACD 
TDH 
TDH R  
TRSH * 
TRAS * 

CASO. I .X 

ADO-7  

R/W 

Ver s i on 
Pa r am eter 

A 

Row add r e s s  hol d t i m e · 1 0 
Col umn addr es's--*CA9 del ay time 
W r i te datq hol d time 
wri te data hol d time ( for *RAS ) 
*RAS hol d tim'e dur lng r ead' only 
*RAS w idth dur ing .  *RAS r ef r e sh ,  only . . 

- 5  
3 0  
7 0  
I S  
6 0  

, . . ' 
I ·1 : I ' 7 � 6 -----J ' 

___ I 'L- u I II : : : N " · : 1 L I tl I I 

I I' 10 L I : : 
1· ' 

, 
....... ---+1'- 12 ·r  1;_ · 17 : . � !  . : : f ---...Jo..+l---""N ' 'r-y"'" --......,.------.,.---

I � . . . [ t l, I 151. ' .. . . . ': " 
n -4 1-\- 14 --I -I I-}- 16 -l I ,  I I I' ,. 1 I I �I ��.,.-� 

I 24 ----< I 
, : 1 Z:l --'-'---"--'"-------"-' .... : 
I 1 '2 oJ' I '2(1 --"--"""'"""""'""':...... .....,. .  r' ll ! ---=--=-=·-"�'-tJl .. · . . : \ " I  : 22 L¥-

- Open : ' ' < • \'alid Il<lt<l }>-' ..."...,..-,...,...,....,.., 
, 

�-�--- �/ -------�· 1  

VRAM w ri,te cy CI e {e�rly write ) 

1 24 

No No 

B 

1 0  
0 

3 0  
7 0  
rating 
r a t i ng 



V9 9 3 8 :' MS X-VI DEO Da ta Sheet 

I • I 
I I : L: -------- 7 ---------1 :-- 6 � �ll il-----y .  L I I . : I H) ! 

CASO.tX 
: � 1 7 I � 1 }I-._-----.,.... 12 -----II ! N j9 }( 

ADO-7 

R/W 

ROO-7 

I , , I I I ! : 15: I ! I : 1 3--' 1- 1-- 1 4 ---t .... '-1--16 --' : I I , I I  I I I I .. ' I ' � ZZX ROW )( Column 1\/\/\(y0\/V\ 
: .. I ' 

}-18-l 1 � 19-' . 

) � ' . t 
------{)pen-----�{ Vali€l Uata ;I '�"---

. �,--------�-------�-- l -------------�---�------�: : I .  7 ---------------- � 6 -. --l 
I ' N-ll� 1----'--.- 8 -----.... y \ ..... __ _ , I I I I 2 I : 

I I , I . . • . I I r---- 17 I I ,  � 29 �  I 
CASO.1 .X 

: 'N' t-=-9��: ' :-9--J1: 
: : ' 1 ' : : : " . ' : 

ADO - 7  

R/W . 

R[)O - 7  

I I ,. I . ' , " . I 
, I " ' " , , , , .  I I 1 5 '  I I F ' " , ' 
t I I I .. >, I I I I 13� 1- r- 1 4 ---' -i ,....t--16 -,  -; 1- ;- 1 6 4  I ' 

: : : ;' : WJ  : �  XXX Row XcqlPmn X (\/\0lC(�IUmn X (\IV\IV\6 
, , 

I ,  , I I I ... 1 8 -4  I :-- 1 9 -j  ) i !  l c -�-------' I I : " , I , �4 � � 5 �  � 4� � 5 �  I 1 I I 
',-______ ..., I ',-____ ..." 

---------- open -----« v a l id Data) {v a l id Data}>------

VRAM pa ge mode cy cl e  

1 2 5  
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Compo si  te v ide o , si gnal output l ev el 

V e r s i ori s A �nd B 

Symbol \ Paxameter 
VWH ITE 
VWH ITE 

( B/ W) 
WLACK " VSYNC 
vm 
vp- p 

Vp- p 
( B/ W) 

Whi te l ev el olitput. vol tage 
Whi te l ev el output vol ta.,ge 

( us; i ncg .Bla<;:k & whi te ) 
B l ack l ev el out put vol tage , 
Syl1C 1 ev el out pu t v9l tage 

,.CQloJ:' bu.r.st pul se w idth 
El: •. �t-r i� pot.el'lti Q:l di f f er ence be tw een 

w hi te al1d sy nc l ev el s 
E:l ect r i c  po t e nt i al 

d if f e r ence be tw een 
w hi te and sy nc l ev el s 
(us i ng bl ack & w hi te )  

' "  , . , ' 
" " 

Condi tion Mi n .  Ty p.  Ma x .  U ni t  

' 2 . 2 0  , 2, . 55 . " - . \  2 . 9 0 ., ' V 

" , ' , 
2 . 3 0  2, . ,65 3 . 0 0 ' V 
2 • 00 2 . 3 0  2 �, 7 0  V 

RL = 1' . 90 ' 2 . 2 0  , ,2 .. , 6 0 V 

4 7 Q ohm s . 0 . 1 4  0 . 19 " 0 ,. 2 4  , V  

0 . 2 4  0 . 3 5  0 . 4 4 

D . )  4 0 . 4 5 0 . 5 4  

V 

, . " 
V 

1 • , . •  �, ,.-,. � -" -- .,,, , -,.-,., "' .v,...' . -..., - ,  .'_ ' _ . , 

Not� : 'lh� t.y�i qa.l. ,val ue s l isted in the abov e tabl e a s s um e  that 
VeG '" · § .·Q'Q V &nEl 'tA '; 25 'c� 

Vet sj, on ; C  

Symb0l 
vwtfITE 
VWHITE ( �l;w) 

I' VBlt,ACK 
, VS!:{NC 
vc$ " 

Vp.- p 

Pa ramete r 
, -, f' ' 

WhIte l ev el o,tifput vol ta ge 
Whi te l ev el out put vol tage 

, ClIlsing B lack & white )" ' , ' 
, B l ack l ev el i out put vol ta ge 
SI n€ 1 ev el ¢>utput vo;U�,�ee 
Col or bu r st ; pul se ; w i dth ' 
E l ect � i c  poteQt � aJ,.  f 

di f f er ence be tw een , 

,� .,S Q i 2 . 8)O ' 1 3 • 2 0  
; ,It . ,$O ' � . ,Z 0 2,.5 Q 

RL = 1 ·. 15 0  1 2 �: Q O  1 . 3 0  
47 Q ohms , 0  �1 6 . Q .)�2 : 0 . 2  � 

v 
V 
V 
V 

w Flite and sy nc i e'( el s ,: o • 4 0 ' 0 . 6 0  . O .  7 � V 
Vp- p 

( B/ W) 
El ect f  i c  potent i a1-d�f f er ence be tw �en 

whi te and ' sy nc l ev el s  
( u s  i ng bl 41ck & w hi te ) , 

. � : - - � 

Not e : The ty pi cal val ue s 1 i st e d  i n  the a bov e tabl e a s s um e  th a t  
v ee = 5 . 0 0  V and TA = 2 5  � .  

1 2 6 
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RGB output l evel 

Sy mbol Pa r am e t e r  Condi t i on M i n .  Typ.  Ma x. Uni t 
VRGB 7 �B maximum out �ut Vol ta ge RL = 

4 7 0 ohm s 2 . 5 2 . 8 3 . 2  V 
VRGB 0 RGB mi nimum out put vol ta ge RL = 

('51ack l ev el') 47 0 ohms 1.7 2 . 6  2 . 4 V 
VP- P RG,B . el ect r i ca l  po t e nt i al RL -

,diff er ence v roB 7 -VRGBO 47 0 ohms Q- . 6 5  0'. 8 1 . 00 'v 
DRGB RG� el e'ctr. i; cal po t e nt i al RL = I 

diff er ence p- p 47 0 onms , 5 ."0- % . - " 
Note : The typi cal val ue s l is t e d  in th e a bov e ta'b)l e as£;urtte t'h�t : 

VCC � 5 . 0 0 V and TA = 2 5 °C. 

. . 
Sy nchr o niz e si gnal O\,ltput l evel 

. '  

Symbol Pa r amete r  " i C '  d · · · · "  o n.  1 tl:On 
. VTLVH 1 

VTLVM 1 

VTLVL. 1 

VTLV R 12 
Vrr.V M 2 

V'l'LV L 2 

VYH 

Tri- l ev el out put hi gh
l ev el BLEO Tr i ..... l ev el output 
i nt e rm e di a te l ev el B LEO 

Tr k- l ev el. output l ow
l ev el B LEO . , ' .  

'i'd - l ev el outp1l1t : hiijrr.... . . ' 
fev el msYNC� CSYNC Tr i- Iev el output 
.i nt. e rm ed i ate l ev el 

' ffiSYNC, .' CS lNC '  Tr�- l ev el out put l ow-. f evel , JIS��,  CS YN C  . .  
*Ys o ut put h 1 gln l ev el 

, 

RL = 

1 k ohm 
RL = 

1 k ohm 
RL = 

1 k ohm 

N-o , l oa d  

No l oa d  
No l oa d  

lOR = 

: !  

1 0 0  uA , 
VYL 

ITLV H  

ITLV L 

, ' . . . 

*Ys 9 ut put l ow  l ev el 

H i g h- l ev el input cu r r ent 
H S YN C ,  CS YN C  

I nte rm edi ate l evel input 
c u r r ent H SYNC ,  CS YN C  , - . .  ' . '  - ' . 

: lOR 
: V I  : 

VI 

= 

1. 6  rnA 
�-

0 . 4  V 
= 

0 . 4  V 

4 . 5 
2 . 5 

4 . 5  

2 . 7  

" 2 . 4 

Typ. ' Ma x . " ' U ni t  

VCC 
3 . 5 
0 . 4 

VCCe .: ' 

3 . 7 
. .  0 . 8  

0 . 4  
- 4 . 0  
- 1 . 0  

V 

V 

V 

V 

v 
v 
v 

V 

rnA ' ' 

rnA 
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Com po s i te v i de o s i gnal 

I Tf CV  I 
. 2 , 'M HS 
'. j "  �rCV 1 

4 �s""'ca 
I 5 , 

6 
7 '  
8. 
9 

1 0  
1 1  
,1 2 

'lWGll , 
'l\CB- LB 
'tlr CV 2 
'.tW� : Tt CV  2 

, , 'lW4P ' '.IW M 
, TlU3;  .... ,fl,S 

• __ J ._�,," 

RSYNC: f al l  'time 
H SYN C  pul se w i dth 
HSYNC r i se 'time 
HSYN C  col or bur st delay 

. time 
Col or bur st w idth : : Col or bu r str- Ief t.  bor de r  

. del;ay tim1e , . - '  · 1  

Co n di t i on M i n. Xyp. , Ma � .  U ni t  

• _j �'.: • i' . " " .� /' 

4 . 5 0  
).1 0 . , : . . , 4 . 1 0  

, �O 

hs \.Is 
.JlS\ 

0 :. 4,0 ' ; 0 . '  0 us, 
RL = �'� 6 0  . . .. � ,  , 3 . 3 0 ' us 

, . •  47 .-9 ,ohm!,) . .  ' "  : . , 
1 .'1'0 ; 1 . 5 0' us 

• VBLAOK-VWHI�E' rfse tUne Left ho r de r� widtp . ' ct . · ;:: '. ' , VWHI'rjE-WLAlCK f al l  ;tJ.tl1e, �� !. ; , 1 5-9 pF' 
; Activie di spl ay  ar ea " 

, , '..,' . 9B , " : ps 
1 � ;. 4 ;. , :  · 2 . 7  us 

• ; ' . ' . .  ; i;D O, . · r  ps 
Right: bor defI: w i dth ' .  , I, . f , . , . " , 
Righ t  oor dex- hor iz dntal • 

syn.chronolus del ay tame , . . - ' 
� 

4 7 � � ;�::? • f) 8 � 8 . 0 0 u S  
�i. SQ, ' ; t :2 . 8'0 . lIS . )  , 

···l "�· ', .  ": ' ...:. : .. _ . ' , J. � 2 'o -
Items 8 al1jd 11 B,¥t' e  when .Di;Spl A¥ Adj,�s,t, : i s  o • 

: ' 1. " 
I 

No . :Symbol : Pa rameter 
, 

11 ; 'rJr�G-B , . 

1 4  Tf RGB ' 
' �B si -gJilai r 1 se time 

. '  ( VRGB O � VRGB7 ) 
RGB s i9na1 fal l time 

(VRGB7 � VRGB O )  
Note : Measurement s a r e 1 0% t o  9 0% . 

Composi te 
V ide() 

VII'lIIn: - - - - - - - - - - - -

1 2 8  

. . j , 

. RI.. � 

47 0 ohms ' ,  
CL "'" 1 5 0  pF 

, " �-------!. , 

I I I  

, , " , 
, , , , 
I '  , , l �  I I 

; I I  9 I �  

: Ma x . · Un! t . 

6 0  
6 0 n s  



V9 9 3 8 MSX-VIDEO Da ta Sheet 

Sy nch r oni z e si gnal s 

. ,  . 

No . Symbol Par �ll'lle�e r ; Condi ti on Min� Typ. Ma x .  Unit 
"!r ' � - , - -" - -

1 - Tt S¥ l; �LEO i nt � rmedi ate l ev el
l OW level fal l  time 

" 
2' , TrSY l aLEO Ibw l ev el- int e rm edi ate 

l ev el ri se ·time 
. 

' 3 ' Tr'�y '� BLEO lOw; iev�l- hi gh l ev'el 
r i se ;  time . , 4 Tf SY ;2 l3LEO hi gl1 � eVeI!';'; low '1 �:el . '  ct = 

f.alL t1.me ' . 5 0  p F  I i  

' 5  TtS¥ '3 SYNC iht e rm edi ate l ev el- ' 
! h�gh i l ev:el ' ri se , t�m-e . '-

6 •• ' Tt SY ' 3 ��C �igJ:l :t ev el'"- interm ep iate' 
, , t .  ; . " 

. ", 1 ev'ei.' � 'fall time ' 
7 . T rft � . $YNC Ipw ' l:ev;el;"' inte rm edii ate 

" 
l ev el ri se ,  time 

' . � ! .-
8 . TtSY 5 �YNC Ip�/ ievel- hi gh l ev.el · 

. :;"" ' rl Se time ' . . . , ," . .  , .  . ' , . 
9 . Tr S Y  6 : *YS l ow  level�htgh! l eV E!l " 

r ise time 
· 1 0 Tf SY 6 . *YS hi gh l ev el - low l ev el 

f all tim e  

I ' 

1 2 9  

, ,' : � 

: . ':. 

; '. : 

:. r-

; : 

, . .  

" 
, 
' , ; - .. 

' :.<. 
" '. I ) 

1 0 Q, . -
!n� , 

1 40 ' :115 

2 ��O ' " :ns 
" 

11 0 ins 

3 0ll ins., 

11 0 0 " - .• ns 
i;'i ', : ' 

2 0 0  ns 

ris � 
. ," ... . .  

2 5  ns 

25 ns Ii .:' r . .  ! , "  , " " 

. ; ; ' , . , 
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B LEO 

HSYNC 

HSYNC (SY�lU1{)(IeJ 

CSYNC 

, ' 
I. , 

� ,  , , 
6 

I -----� , 
, ' 
� , , 

9 

- - - - �  - - VTLVII I, 

- - - - - - - - - - � - -' VTLVL I 

4 

' - - - - - - - - --- - - - - -� - - - - - - - - - VTLV H 2 

l--------... - - - - - - - - - - �- - VTLV:.1 2 , 
, , 
, 

." i  
I' :r 

5 

" - - - - - - - VTLV I. 2 

' 1 : I " :: 
, � - r -- - -- '"' � 70- ', - - - - - -/-,- - - - .! - - - - - ----' ---- VTLV�12 
I ( r . ( : : : I : 
: : : , ,:� -t - - - - -- - - - - - � - - - - "'- VnV L2  
t--t{ - "'-=1, H I • t f I f 

5 & 

t---------- -- - - --- VTLVH 2 

, 
, 

- - - - ----- -:- - - -- - -------- - - ------ ---- - - --- VTLVM 2 
, , 
, , �,----;--"  -- - - - -- - - -- - - -- - - - - - - -- - - VTLVL 2 

I .  t I · 
0--4 � , , , 

8 

1 3 0  

\, _ _  n n  _ _ _ _ _ _  m n  V," 

, " -- - ---- VYI. , , 
:----1 , 

\0 

- ---- _ .. _-- -----
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CSYNC 

CSYNC 

HSYNC (SYN,,co mode) 

, , 
; , I :  
, , ---..-4 .66!;sec 

. First field 

" " 
I I ' . 

-4--4:66;,sec 

Second field 

1 3 1 

I ' I I 
I I  " 

-P.--. 1  2.42,lsec 
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Col or bus 

No . Symbol 
1 TDCBO 

2 TH CB O  
3 TSCB I 
4 'TIlCB I 

Pa r amete r �  
- � 

*DL CL·K -col or 
'del ay time 

*DL CL K-col or 
hol d time 

bus output 

bus output 
Col or bus input se tup time 
Col or bus input hol d 

t 
r 

I..------il I 
t I 

, 
I 
t� 

time 

Condi ti on 

CL = 

5 0  pF 
CL = 

5 0  pF 
-

-

" I  
I "  I' Ii' : 

1 3 2 

Mi n .  Ty p .  

20  
� .� 0 

20 
. � 

Ma x .  

1 0 0  

�-

unit 

ns 

ns 
ns 
n s 
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VDS 

No . 

1 

2 
3 
4 

Symbol 
i ii i i  

TDVDSL 

TDVDSH 

TSVDS 

THVDS i. 

i i 

Pa r am ete r 
: .i .i  i ' i  

*DL CL K-*VDS 
del ay time 

*DL CL K-*VDS 
i del ay time 

l ow l ev el 

h i gh l ev el 

*VDS se t tlp  t im e  ( f or 
*CAS O i  a;md *CASl ) 

*VDS hold time . (for 
* CAS O and *CASl ) 

Condi t i on M i n . Typ. Ma x .  

CL = 5 0  p F  50 1 0 0  . 
5 0  1 0 0  

i ii 

2 0  
0 

r5IITR �,-----,I \ 1 \'-----J1 ''--'-�i ---JI \ f 

CASO 
(or CAS , ! .  

I I 
I I 
r I I :1 t-J-.j H 

�
--

�\�. ' ----------��--�----------------------�)-

},-: _�I . ' ''-' ____ I ''-. _�l ' ..... i _..,J� t - I< 
I I' � :{ ; I I 

� � 
I I j I, ��i ________ � __________ ��r--

1 3 3  

i i  

U ni t  

ns 

ns 

, n's 

n s  
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4 .  Exte r nal mea sur em ent s  of pa ckage 

V-9938 P 1 .778'1''''' 

I .  5&;Ot 0 3 
, ___ ---':�.=:j 

� H . �NW;[ , ' : ' : ' " " 'II:; ' '' ' ' i i ' , ' ,  ' -� 
, M 

0,48 iO.l 

Lead material :  42 alloy 

64 Pin shrink DIP 

Note :There are two 
' typ�s (I , ID of sectiOl) A, 

lEij" }9,051'Y" . • " , 

.' r i. ,  , ", " ' ';' ; 
. - . I . ' "  

" ,  . '  . .  : . ,  ",' " 
, 

A O�l� 

L.ead 6<i:ating ,prdcess : sO'lder D('f' ,01' Ti1'l(Snj�talirtg 

Note : Th e spe cif i cati'ons f or th i s  pr odu ct ar e subj, ect to change 
w ith out no t i ce as impr ov ement s  a r e  made . ' 

5 .  Ver s i on ident i f i cati on 

INDEX 

. - � -. . ' 

Version indi�ation, A �ersion : None . 

1 3 4 

Ii v\!rsion :  B 
C version:C 

-. .  -------- -------



V9 9 3 8 MS X-VIDEO Appe ndi x 

1 .  Re f r e sh 

The V9 9 3 8 has a Dynam ic RAM ( DRAM )  a ut o- r ef r e sh f un ct i on whi ch repe a t s  
cy cl es ev ery 4 · ms f or 2 5 6  addr e s se s .  

Spe ci al cons i de r a ti on mus't be giv en w hen usi ng a 1 2 8  add r e s s� 2  ms 
ey cl e ,  as th e us a ge depe nds on whether th e DRAMs used a r e  1 6 K  o r  6 4K. 

1 .  1 6 K  DRAMs ( VR = 0 )  

2 .  

When th e r ow add r e s s  and col umn addr esse s a r e  sev en bi t s ,  conne ct 
pins ADI to AD7 o n  th e V9 9 3 8 to DRAM addr ess pi ns AO to A6 . 
When the row add.r es.s i s  ei gh t  bits and t.h� eol umn addre s s  i s · si x 
b.i ts,  conne ct pins API to AD6 on �h� V�j;�;$ to {DllA,l'l a�re�� pins Al 
to A6 • . lU so co.Iine ct pi n ADO to ' pi'll A7 � ::W};iel'li t·h i s . co'n:f i �ialf a t i o n  

.· is us� d ,  only addr e s s e s  A O  to A6 of th e DRMI a r e · ref·reshed • . 

6 4K DRAMs ( VR = 1 )  
Conne ct pi ns . A,DO to: ADS and AD,7 of . . the V9 93 8 to pi ns AO to . A6 of 

. the DRAM. Al so eenl'lec-t pin A1)6 to pin A7 .; hen thi s conf igurati on 
i s  us e d ,  only addr e ss e s  AO to A6 of th e DRAM a.r e refreshed. 

1 -,1 . V9 9 3 8 Re f r e sh Addr e s s  Output 
The method of ·o ut putt i ng . r ef r e sh addr e s se s · o n  the V9 93 8 di f f e r s 
depe ndi ng on the mode be i ng VR or di spl ay .  

Co n s i de r i ng th e ref r esh addr e s s  a s  (MSB ) R7 R6 R5 R4 R3 R2 Rl RO , 2 5 6  
addr e s s e s ar e ref r e sh e d  w ith i n  4 ms . 
Ref r e sh add r e ss o ut put methDd 

V9 9 3 8 adde r;s s  

VR = ' 0  ' 

VR = ' 0 , G6 , G7 mode s " , , " 

VR = ' 0  ' , no n- G6 , G7 mode S" 

l-1a xim um Ref r e sh Cy cl e  
l .  2 5 6  cy cl e r ef re sh 
2 .  1 2 8  ey cl e  ref r esh 

Usi ng a ddr e sse s oth e r  
Us ing a ddr e s s e s  other  
Usi ng a ddr e s s e s  oth e r  
Us i ng addr e s s e s  oth e r  

AD7 
, 

i 

" . 
: 

R5 
RO' 
R7 

th a n  
than 
th an 
th a n  

.. . 
, AD6 • ADS AD4 AD3 'A])2 ADI ADO 

. '.' I, 
I ,: 

R4 R3 Fa Rl ·· RO R7 R6 
R7' R6 R5 R4 R3 R2 Rl 

, 

R6 R5 R4 R3 R2 Rl RO 

4 ms 

R7 1 . 2 5  ms 
R6 1 . 9  ms 
R5 2 . 2 ms 
R4 2 . 5 ms ( wor st ca s e ) 

1 3 5  



V9 9 3 8 MS X-VIDEO Appe ndi x 

1-2  Exampl e of V9 9 3 8-DRAf.1 a dd r e s s  pi n co nne ct i on 
a nd maximum ref r e sh cy cl e  

. 1 .  VR = 1 0 1 
DRAM const r uct i on w i th 7 -b i t  r ow and col umn addr e sse s 

Ma ximum 

DRMl a ddr e s s e s  A6 A 5  A4 A3 A2 Al A()  
.. r .ef r e sh cy cl e  

t 7 1 6 l $ [ 4  I. 3 1 2 1 1 , �1 , 1 

V9 9 3 8  addr e s se s (AD ) 1 . 9  ms 

DRAM co ns t r uct i on w ith a-bi t r ow addr e i:!5 and 6 -b i  t 
col umn addr e s s  

DRAM a ddr e sse s 

V983 8 addr esse s (AD) 

2 .  VR = I I I 

DRMI addr es ses 

(AD) 

.' 
A7 : l\6 

. j . 
. J \ ' Ma x i m um  

r e f r e sh cy cl e  
A$ A4 M . 76. ,  A'1 ' AO " I : 

5 f I l" �: ' l ? ,t ;� J , 7  1 . 9  ms 
, .� 

, . 

AO 

Ma ximum 
r ef r e sh cy cl e  

G 6 / G7 Non-G6 / G7 
Mode s Mo de s 

2 . 5 ms 1 . 2 5  ms 

1 . 2 5 ms 1 .  9 ms 

1 .  9 ms 2 . 2 ms 

Not e : The ' ma ximum ref r e·sh: ;qr;cl e i s tb �i .val Ult *hen th e DRAM r ef r e sh 
addr e ss e s a r e A6 to AD . 

1 3 6  
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2 .  Exampl e s  of VRAM , I nte rf ace 

2 -1 1 6 K  by te s 
( 16 K  x l )  x 8 

. .  

, I , 

� f-
, .,!\ 

.i "" '"-:' 

� ;..-
" 

, " 

'ro 

H+I-T--1� 
H""f""r-..,"" I-- � 

: I-- � 

[ 

., 

I-- 51':!: 

00 
(¥) 
.,., 
.,., 
> 

CI 

"- ., , -

: ,'. 

t--
� : F-

J" 
" 

f"-f.o ' f-'-� � 
" 

l : )  

-:': ' 

1 3 7  
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- < l6 K  x 4 )  x 2 

V 9 9 3 8  

AD7 
AD6 
AD5 
AD4 AD3 , AD2 I 1 · 1 1 ADI I ; ADO II I 

A0 1 2 3 4 5 6 7 
00 

.RAS CAS WE 0(101 2 3 I 
RAS ' I I J ;1-1 1 , . .  , � :  1 I 
RlW ' .' : ; 

ROO 
< I ' " 

ROI ' 
�g� , • , . 1:' RD4 , , � . -.. -. - " 
RD5 , RDG I RD7 .. . ;.; 

, , , ' " 
7".'" 

. ' � 

2- 2 3 2 K by te s  
( 16 K  x 4 )  x :4  

V 9 9 3 a A:.Dgl.�' ���i��:�) �; f�i'�' i· ��'�. �' I: ii ��' ��iID[ 5 I: j � .. > . ; -; - � 
AD4 ' : l 1 : 
AD� , : L " ,� " , '  .... ' i AAR21···. ' , ., C" '� : i '  I " I I ' 1 · ' " I I , "1\" , ', -1 " 
ADO I I T : 1  , l U I Jf'. � !  I I I 

AO I 2 3 (  5 G 7 
00 '  MsCAS WE 0(10 1 2 3 I [ - , f' 

. . ' -I: " i .� 
; I f  ; 

! ; -'- I ', ' . !  
: ' r 1 

. ' 1 ' : 
1 I 

1 3 8 
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2-3 6 4K by te s 
( 6 4K x 1 )  x 8 

-------

----....:. 
---

"...-- -

� 
I I 

� 

.......,. 
:= r -

;;--
I I� 

f.;..... :14. 
� f--f= f--
" 

I 

l= :-- J--t::: , 
� 

�It:: ;::: ,.--

= ....... .,.-, -.,.-, .... 

, ' I 

1 3 9 

" ! 
, ; 
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- ( 6 4K x 4 )  x 2 
V 9 9 3 8  

AD7 j,-�---y _______ ....., 
AD6 j,-

----f.----r----""'i------. AD5,t-::=:t:=�===:::tt::::::::;_, AD4 � 
AD3 1-'----+-�H_+_--_..,...-+.......,., 
AD2 t-::=t::It:I:t:I:==:::::t;1 ADl � I ADO j,----1-1IH,-H-+-t"T""-----++-+'+++'j, I I JJ I 

AO 1 2 3 5 6 1  

'_ _ _  OE 
RAS CAS WE (lQ() 1 2 3  

RAS �-LJ_ll;-: +.4+H......f'-........ li t ��=�=�H ,t' ��t=�� R7\ii J:-
ROO ,""' .,..--...,...-,..;-�. 
RIH If-' -,�--� ....... 
RD2 1f-1 _-'-__ ..".-'"""" .... .: , , " c I " 

�g��: ====::;:,t:" ::==--+--�-+-.-J I ,  c. 
RD5 '""' ----�-4����-+��--� 
RDGIi-'-: ===�==tt:::;::t::==�, RD7 f-,-

2 -4 1 2 8K by te s 
( 6 4K x 4 )  x 4 

.. 

1 4 0 
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( 6 4K x 1 )  x 16 

CT> 
> 

Ii 

[j�'.' I""- 'fl" n, . . • t" .... J. r. , · .... r IU. 
l""-

I . f, 

�CII�J'� ' I 

,i . .  

; i , _  i , . 'i 

lil - '  

1 41 

" . .  � . " 

1 \  
�lL ' I'f . j 

,.�" 



V9 9 3 8 MS X-VIDEO Appe ndi x 

3 .  Cl ock o s cil l at i on i nt e r nal ci r cu i try 

Rl Appr o x ima tely I k ·  ohm s 
R2 Appr o x imately 5 0 0  k ohm s  

TRI Depl eti on tr ansi st or 
TR2 Enhancem ent tr ansi st or 

_----_.-----Q XTAL2 ( 64)  ( 
Internal clock \ _  V" g. """",-",...rT.,,R..I2"""'1:i 

__ -----"--4--_--Q. XTA L l ( 6:� ) 

1 42 
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4 .  Usage of un used p i ns 

Output pi ns 

Al l un used output pi ns may be l ef t  open .  
Input or i nput / o ut put pi ns 

*DL CL K  
H SYNC 
CSYNC 
e7 to eo 

*L PS 
*L PD 

VBB 

( 3 ) 
( 5) 
( 6 ) 

( 1 2 )  to ( 1 9 )  
( 26 )  
( 27 )  
( 33 )  

Pul l  up w i th a r e s i st o r  
Open 
Open . 
Ope n 
Co nne ct to vee 
Co nne ct to vee 
Open o r  co nne ct to G ND ( U  th r o ugh 

it capa citor 

1 4 3 
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5 .  Cy cl e  mode 

Th e V9 9 3 8 has th r ee cy cl e  mode s ,  whi ch may be spe c if i ed accQ r di ng to 
t h e  f ol l ow ing se tt� ngs of b i t s  so and Sl in r egi ste r . f 9  .• . 

S 1 0 
0 0 

0 1 

: 1  0 

. 

HSYN C  
Cycle Scr e�n ' 

mode f mode High lev el . .. .  L ow  lev el 
o PC only Bur st fl ag H co unter 

1 Mi xed HSYNC 
r e se t  i nput 

H co unter 
{ e set;' inpltt 

*YS fH  

Low fXTAL/ 1 3 6 8 

H i ghl , fXTAL/ 13 6 5  
Low " , . '  

Ext . 
V ideo 

HSYNC H C0 1,1nter ' Righ i i  f XTAL/ 13 6 5  
r e set i npul:. i 

I · . 

1 4 4  

, L 
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6 .  Cy cl e i nput 

H S YN C  input 

When th e V co unt e r is se t to 6 ,  input , f r om l:I SYN C  i s  r e ce i v e d ,  and the 
H co un t e r  i s  r e se t  on th e ed<Je of th e tr an s i ti on f [, om Hi <Jh - - ) L ow . 

When th e H SYN C G ate s i gI)al i s  L ow ,  in oth er wor ds , th e V co unt e r  i s  
se t to 'a numbe r other th an 6 ,  input si gnals to th e HSYNC i nput a r e 
i gno'r e d . 

. ' , '. 

:!:!H '�') 
11 , -f 

(I :!:H ., II , 2:\ 1 
<;:ounter " , 

, 

HSYNC ·Ii L ,'---" , 
Gate , , , , 

, 
, 

NSYNC U (Out)  

, , 
I 

\' C"UllIt'r X 6 x= 

V Reset i nput ( C S YN C )  

The V Re s e t  signal i s  a si gnal ,that i s  i nt e r nal to th e V9 9 3 8 th a t  
cy cl es a t  2 . 9 8  , us . , When th r e e co nse cutiv e L ow s a r e  r e ce iv ed,  th e V 
co unter  i s  r e se t .  S im ul ta ne o usly , th e f i r st f i el d  i s  se l ecte d .  

Sampling Clock 

\t 1�" N'1 1n 

1 6DLCLK 
'--' , , I 
, , . ,  , 

After 
Sampl ing 

Pulse 

Field 

x X 
x X 

1 4 5 

---� �.--- �- -------

() 

1st 
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7 . Di spl ay pa r am ete r s 

7 -1 Ho r i z o ntal di spl ay pa r am e te r s  

Uni t :  XTAL Cy cl e s 

I 
Mu1 t i co1 or mode T ext I mode 
G1 to G7 mode s T e xt I I  mode 

Sl , SO (R i 9) 1 ,  2 a 1 ,  2 0 

D i spl ay cy cl e 1 0 2 4  1 02 4  96 0 96 0 
Righ t  bo r de r  57 5 9  85 87 
Righ t  er a se t ime 2 6  2 7  26  27 
Sy n ch ron;.i. z  e s i gnal 1 0 0  1 0 0  1 0 0  1 0 0  
Lef t e r ase t ime i 0 2 1 02 1 0 2  1 0 2 
Lef t borde r 5 6  5 6  : 92 92 

To tal, ! 13 6 5  136 8 1 3 6 5  13 6 8  
, . , ' 

Not e :. The . abov e tabl e show s t.he r el ati onsh i �  betw een the RGB s i gnal 
and H SYNC when th e Di spl ay Adj ust Reg� ster  (Regi ste r  Numbe r 
1 8) is se t to 0 .• 

RGB Display time 

Hsn:c 

I Right bordert 
,. 
" .  

I, Left border I 

Right erase time Left erase time 

Synchronize signal 

7 - 2  Ver ti cal di spl ay pa r am ete r s  ( NTS C )  
Uni t :  L i ne s 

L i ne s  1 92 l ine s 21 2 l i ne s 
L N  - 0 LN = 1 

I nt e r l ace I nt e r l ace 

F i el d  F i el d  
N on- Non-

I nt e r l ace 1 s t 2 nd I nt e r l ac e  1 s t 2 nd 

Sy nch r oniz e signal 3 3 3 3 3 3 
To p er ase time 1 3 13  1 3 . 5  1 3  1 3  1 3  . 5  
Top bo r de r  2 6  26  2 6  1 6 16 1 6  
D i s pl ay time 1 92 1 92 1 92 2 1 2 21 2 21 2 
Bot t om bo r de r  2 5  2 5 . 5  2 5  1 5  1 5 . 5  1 5  
Bot t om er a se t ime 3 3 3 3 3 3 

To t a l  2 6 2 26 2 . 5  2 6 2 . 5 26 2 2 6 2 . 5  26 2 . 5  

1 46 
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7 -3 ver t i cal . di s pl ay pa r am e t e r s  ( PAL ) .  

L i ne s  1 92 
L N  

; 
Non-

Int e r l ace 

Sy nch r on i z e si gnal 3 
Top e r a se time 13 
To p  bo r de r  / 5 3 
Displ ay time 1 92 
Bottom bo r de r  4 9 
Bottom erase time 3 
To tal 3 1 3  

l ine s 
= 0 

I nt e r l ace 

F i el d  

1 s t 

3 
1 3  
5 3  

1 92 
4 8 . 5  

3 

3 1 2 . 5  
. .  

2 nd 

3 
13 . 5  
5 3  

1 92 
4 8  

3 
· 3 1 2 . 5  

, . 

Uni t :  L i ne s  

2 1 2 l i ne s 
LN = 1 

I nt e r l a c e  

Fi el d 
Non-

Inte rl ace 1 st 2nd 

3 3 3 
1 3  1 3  l:L 5  
43 43 43 

2 1 2  21 2  . 21 2  
3 9 ' 3 8 . 5  3 8  

3 3 3 

3 13 3 1 2 . 5  . 3 12 . 5  
. .  '. ' - . .  

, 

Note : · ·  The abov e .ta bl e ., sh ow s th e r el at i onsh i p  be tw een RGB and V SYNC 
when t h e  Di·spl ay Adj us t Reg.i st e r ( Regi ster · Numbe r 1 8 ) i s  se t 

t o  O .  

RG B 

'"S Y N C  
Top erase time 

. Synchronize signal 

j. '  

1 47 

, I , 
'--' 
I I . I 

Bottom erase t ime 
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8 .  Co l or pal et t e  

G R B 

0 0 0 0 
1 0 0 0 
2 6 1 1 
3 7 3 3 
4 1 1 7 
5 3 2 7 

Co l or 6 1 5 1 
. co de 7 6 2 7 

8 1 7 1 
9 3 7 3 
A 6 6 I ·' 
B 6 6 4 
C 4 1 1 
D 2 6 5 
E 5 5 5 
F 7 7 7 

Th e col or pal ette i s  se t a s  shown i n  the 
. tabl e when a RES ET i s  done . 'I'his tabl e has 
n o  meaning i n  G 7  mode . s i nce th e col o r  
pal ette fs not · us ed.  

Ih  a ddit i on ,  si n<;:e the r e  ar e only four 
col or s av ail. abl e in GS Illode , val ue s f r om 4 
to F have rio meani ng . 
I n  this  tabl e, o .  mea ns that th e GRB 
intensi ty is 0 ;  . and 7 mea ns th a t  th e G RB  
i nt e ns i ty i s  se t t o  maxim um .  

1 4 8  

-----_. ---- .. ---.. ---- -. - - �--� ----_. __ 
.

-_ ._--
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9 . Compo s i te v i de o  co l or bu r st 

Th e · ph a se of the co l o r  br u s t  i s  s e t  a c co r di ng t o  th e , co nt e nt s 'of 
regi st e r  m,lIItbe r s  2 0 , 2,l � and 2 2 . The �e r�gi st e r s  ar e , i ni ti al iz e d  on 
the tr a nsiti on , be tw een L ow  - - > ai9h of th e *Re se t , s i gnal . 

Regi st e r  Val ue upo n 
numbe r ini t i � i� at i on 
' i�'� W . r 

, �.� 0 0  
2 1  3 B  
2 2  &;H 0 5  

. 

In a dd i t i on ,  when th e  val ue s of all of ' th e  abov e � eCjJi st e r s  a r e  {le t to 
0 0 , th e col or bu r st ef f ect may be r emov ed .  

Not e : ' Do 'no t se.t val ue s o t h e r  tha n  th ose l i s t e d  ' abov e .i n r e g i st e r s 2 0  
to 2 2 . 

1 4 9 
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1 0 . Co l or bu s 

l-lo de 

! 
Text I ,  I I  
Mul t i col or 
Gl t.o G4 

GS 

G6 

G7 

7 

X 

X 
,'-

E 
\ 
, CC3 

, 

CC7 

' -

I i  

6 S 

X X 

X X 
-

Ev e n  
--, . .  

CC 2 CCI 

eC 6 I ,  COS ' 

Col or 

4 

X 

X 
. -

� 

CC O 

,CC4 

bus 

3 2 

CC 3 CC 2 

� Ev en � 

CCI CC O 
_ .  . ,  

E , Odd 

CC 3 CC.2 

CC3 .cC 2 

1 0 

CC I CC O 

� Odd � 

CC I CC O 
� 

CC I CC O 

CC I CC O 

Th e col or bus i s  use d a s  l i st e d  ,abov e w,hether do i ng i nput o r  output . 
Fo r exampl e,  in G 4  mode , th e �l GW er ��ur bi ts (Ce O to CC3 ) o ut put the 
col or co de . Th e se -bi t s  must be rset ,bef,o r e  th e si gn;al s a r e  pl aced o n  
t h e  col or bus . In th i s  ca s.e.1' £he uppe r f o ur bits a r e  i gno r ed. I n  
a ddi t i on ,  du r i ng i nput , si nce tih .e l: ow er f our bi t s  hav e th e col or co de , 
that s i gnal i s  di spl ay ed ,  and 1£' 00 -= " 1 " ,  the i nf ormati on i s  al so 
st o r ed i n  the VRAM. I 
When us i ng high r e sol ut i on mode s such as GS and G6 mode s ,  th e ev en and 
o dd do t s  a r e handl ed toge th e r a.s �n 0-1 , .2-3 , 4-S , e t c .  ( Th i s  i s  t h e  
s ame du r i ng i nput and o ut put ) . 

1 5 0 
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1 1 . Spr i te s i n  G5 mode 

.I n  th e G5 mode , th e . st a ti c s c r e e n  ha s a r e sol ut i on of 5 1 2 ·  d o t s  in the 
h or i z ontal di r e ct i on . : '  In addi tion; eaeh pi xel has two bi ts f or . th e  
col o r  . co de . 

Spr i te s a r e display ed us i ng hiil f th e re sol uti on of a ,st a t i c  s c r ee n .  As 
a r esul t ,  th e spr i te pa t te r n  has a r e sol uti on at 2 5 6 dot s  i n  th e 
h o r i z Qntal di r ect i on , and the coo r di na te s a r'e x: = 0 to 2 5 5 . 
In ' o r de r  to di spl ay a spr i te patter.n as shown in Fig .  1 ,  you mus t 
cr ea te a spr i te pat te r n gene rator tabl e a.s : sh own' in Fi-g . ' 2 .  

,0 1 2 3 4 5 
' . , .. , 

0 A B A B 
� 

r c D C D 

2 E F I E  F I E F E F E F E 

3 G H I G B I G H '  G B G Ii G 
. .  , 4':  ; � 1. I [1 ' I if 

I- , , '. 
o' 

S ' · K L . . .K L 
I- . .  

6· M 'N'  lM 1(' � r ··· ·· � ;'- . .  

1 0 .' 

7 P 0 P 0 p 0 

. ' . ' F ig) 1 . Sprite' pattern 

o 

1 

2 

3 

4 

5 

6 

7 

MSB 
0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 1 I .  0 

0 1 1 0 

1 1 1 1 

1 1 1 1 

0 1 1 0 

0 1 1 0 

0 1 1 0 

1 1 1 1 

6 

F E F 

H G H 

. .  

p 

0 

0 

1 

1 

0 

0 

0 

0 

F i g .  2 .  Pa t te r n  ge ne r a t o r ta bl e  

1 5 1 

7 
/ 

-

E F 

G H 

-" : 

' -

-

LSB 

0 

0 

1 

1 

0 

0 

0 

0 
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T h e  col o r s of th e spr i te s  de pe nd o n  th e se .t t i ngs o f  th e s p r i te . col o r  
ta bl e .  Th e uppe r f o ur bi t s  of th e col o r  ta bl e u s e  co n.t r ol s  such a s  
t h e  E a r ly Cl ock . Th e l ow e r f ou r  bi t s a re div ided i nt o  tw o g r o ups o f  

. tw o b i ts . Th e uppe r tw o- b i  t · gr o up i s  f o r  th e co l o r o f  th e ev en · 
pi xe l s ,  and th e l ow e r tw o- b i t g r oup i s  f o r th e col o r  of . .odd pi xe l s • .  

If th e bi ts a r e  se t i ndiv i dually for  ea ch tw o- b i  t g r cup and th e tw o 
g r cups hav e d\f f er ent co l cr s ,  th e r e sol ut i on f o r  spr i te ccl or s ca n be 
con s i de r e d ' a s  be i ng 51 2 do t s .  

I f  th e col or tabl e i s  w r i t t e n  a s  show n  i n  Fi g .  3 ,  th e spr ite pa t t e r n  
w il l  b e  as sh ow n  i n  Fi g .  1 .  

o 
1 
2 
3 
4 
5 
6 
7 

MSB 

A 
/" 

C 
E 
G 
I 

K 

M 

0 

F i g .  3 Ccl o r  ta bl e 

1 5 2 

L SB  
I B 

I C 

I F 

I H 

I J 

I L 
I N 

I p 


